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Abstract
Value-of-time (VOT) measures are valuable in a wide range of public transport
policy and planning applications. However, VOT is a latent variable that cannot be
measured directly. In this research, state-of-the-art econometric models are developed within a methodological framework that allows for the estimation of the VOT.
Ordered and binary discrete choice models have been developed. Furthermore, a
mixed effects model that accounts for the unobserved heterogeneity across different
individuals has also been specified. The models have been applied to short intercity
trips between two medium-size cities (Agrinio and Patras) in Greece. The model
specification combines trip-based characteristics (mode, travel time, and travel cost),
with socioeconomic characteristics, such as profession, education, and car ownership.
A stated-preference survey has been designed and administered to a random sample
of 289 people. The estimated coefficients from the developed models have been used
to estimate VOT measures and the overall performance of the ordered logit and the
generalized linear mixed model has been found to be superior to the binary logit
model.
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Introduction
Value-of-time (VOT) measures are valuable in a wide range of public transport
policy and planning applications. Public transportation infrastructure projects
can be justified through the quantification of the generalized benefits to society,
including reduction of harmful emissions, conservation of energy, and recovery
of productivity lost in congestion. Quantification of each of these components
is a complicated process, which involves estimates of the gains in each category.
To develop a single overall figure, these components need to be translated into
a single unit, which is usually a monetary currency. Delay and travel time can be
converted to dollar amounts through the concept of VOT. For example, Lehtonen
and Kulmala (2002) used VOT figures to estimate the travel time savings due to
signal prioritization and real-time passenger information enhancements along
two transit lines in the city of Helsinki, Finland. Grant-Muller et al. (2001) review
the state-of-the-art in the economic appraisal of transport projects, drawing on
national practice in Western European countries. While there are substantial cultural and economic differences, one of the key commonalities is the principle of
monetizing direct transport impacts. In their review of valuation studies of railway
rolling stock, Wardman and Whelan (2001) demonstrate the importance of VOT
measures.
While VOT is a very important notion in transportation planning and infrastructure management, it is a latent theoretical construct that cannot be easily quantified or measured. As a result, methodologies for the indirect assessment of the
VOT have been developed. Different socioeconomic characteristics, trip purpose,
and other attributes result in very heterogeneous traveler populations and therefore potentially in very different VOTs across individuals. For example, affluent
travelers may be willing to pay a steep toll to save trip time, while students may
not have this option. One approach to quantify VOT is to develop discrete choice
models based on data collected by surveys and then use the estimated coefficients
for the cost and duration of travel to compute a VOT measure.
This article develops models for the estimation of VOT using state-of-the-art
econometric models and demonstrates their application in a medium-size city in
Greece. Ordered logit models and mixed effects models are developed, and compared with a more widely used binary logit model. The more advanced models are
found to be superior to the binary logit model often used in such applications.
Besides providing a resource for researchers, this research can be readily used by
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practitioners, thus helping bridge the gap between state-of-the-art and state-ofthe-practice.
The remainder of this article is structured as follows. The next section presents a
review of relevant literature. Previous studies with Greek data are also shown to
establish the range of VOT values available in the literature. This section is followed by an outline of the application methodology and data collection process.
Model specification and estimation results for the entire data are shown next, followed by models using indicative subsets of the data. The article concludes with
findings and directions for further research.

Literature Review
VOT is a very volatile measure that depends on several parameters and changes
from country to country, industry to industry, and even from individual to individual. The objective of this literature review is to present the state-of-the-art in
the modeling of VOT in terms of data collection and models used. Specific VOTs
are only mentioned for the applications that refer to Greece, in order to establish
the range of VOT obtained by other studies. Models developed for the estimation
of VOT for other applications (such as commercial motor carriers) are also presented as they are often methodologically very similar.
Kawamura (2000) used stated-preference data from California to estimate the
VOT of commercial motor carriers, using a modified logit model in which the
coefficients were assumed to be distributed log-normally across the population.
The questionnaire included questions about the characteristics of the motor carrier company and 10 stated-preference choices between options with tolls and
without tolls. Kurri et al. (2000) present the results of two separate studies for
the estimation of freight-specific VOTs for road and rail transport, using the same
methodology. Stated-preference data was used, in which hypothetical choice situations between two road or rail transport alternatives were presented to transport
managers in manufacturing companies in Finland. A logit model was employed
for the estimation of the coefficients that were used for the determination of the
VOT.
In the past decade, several VOT studies have been conducted in Europe, including
The Netherlands (Gunn and Rohr 1996), Norway (Ramjerdi et al. 1997), Sweden
(Alger et al. 1996), the United Kingdom (Gunn et al., 1996), and Switzerland
(Axhausen et al., 2004). Wardman (1998) presents a meta-analysis of VOT derived
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from 105 travel demand studies using revealed-preference and/or stated-preference methods. Kumar et al. (2004) developed multinomial logit models for the
estimation of the VOT, the service headway and the comfort levels for trip-makers
traveling along rural bus routes in India. Data were collected through a statedpreference survey. While trip characteristics and socioeconomic characteristics of
the respondents were collected, they were not included in the final models.
Diamandis et al. (1997) estimated the VOT for Greek drivers. The survey was based
on revealed preferences made by participating travelers in choosing between
alternative modes with different prices and travel times. The collected data were
analyzed with the use of the multinomial logit model. Finally the evaluated VOT
for nonprofessional trips range between US $3.72/hr and US $4.32/hr and for professional trips between US $5.42/hr and US $6.42/hr. (Dollar amounts represent
original figures from the paper and have not been adjusted for inflation.)
Polydoropoulou et al. (2000) present the results of a large-scale study in Greece.
The survey used stated-preference data collected via a telephone survey. The
scenarios that were presented to the participants included choices between car,
bus, train, ship, and airplane. The attributes that were chosen to describe each
alternative were mode, time, and cost. The authors identify the incorporation of
socioeconomic data into the model formulation as a useful direction for further
research. The selected data were analyzed with the use of multinomial logit and
mean VOTs were evaluated for each mode: US $6.6/hr, car; US $4.92/hr, bus; US
$4.32/hr, train; US $5.64/hr, ship; and US $20.76/hr, airplane. (Dollar amounts represent original figures from the paper and have not been adjusted for inflation.)
Bierlaire and Thémans (2005) developed models for the prediction of travel decisions and consequently transportation demand with regard to different strategies
of traffic management. A combination of revealed-preference and stated-preference data were analyzed using mixed logit models. The VOT was evaluated for
short-distance (<50km) and medium-distance trips. The influence of several
socioeconomic characteristics was evaluated.
In conclusion, most of the studies aiming at the estimation of VOT for freight and
passenger travel use discrete choice models. Due to practical reasons, most studies
use logit models, while recent studies (such as that of Bierlaire and Thémans 2005)
use more advanced models such as mixed logit. In terms of data, most studies
use stated-preference data, no doubt due to the difficulty of obtaining revealedpreference data. The inclusion of socioeconomic characteristics into the model
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formulation is recommended. Richardson (2002) demonstrated the use of adaptive stated-preference surveys using simulated data.

Methodology
Model Formulation
Survey respondents are often asked to express their preferences in a rating scale.
Such scales are often called Likert scales (Likert 1932; Richardson 2002). A multinomial logit model could be specified with each potential response coded as an
alternative. However, the ordering of the alternatives violates the independence
of the errors for each alternative, and therefore the Independence for Irrelevant
Alternatives (IIA) assumption of the logit model. Nested or cross-nested models
are one approach to overcoming this issue.
Figure 1 shows the distribution of the choice probability P as a function of the utility U. Assuming a ranking scale with seven levels, there are six thresholds or critical
values that separate the choices.

Figure 1. Distribution of Respondents’ Preferences
(adapted from Train 2002)
In the case of repeated observations (such as the case of stated-preference surveys
with multiple responses), one often needs to consider the heterogeneity across
individuals (often referred to as “unobserved heterogeneity”). In general, pooling
data across individuals while ignoring heterogeneity (when it is present) will lead
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to biased and inconsistent estimates of the effects of pertinent variables (Hsiao
1986). Several approaches have been developed to incorporate these effects in
the model formulation. One is to estimate a constant term for each individual
and each choice, which is referred to as a “fixed effects” approach (Chamberlain
1980). Perhaps the main drawback to this approach is the large number of parameters (and consequently large number of required observations per individual). A
more tractable approach is to assume that the fixed term varies across individuals according to some probability distribution, which is referred to as a random
effects specification (Heckman 1981; Hsiao 1986). The most common assumptions
for this distribution are the normal and the lognormal. One drawback to this
approach, however, is that it does not allow for a closed-form expression for the
choice probabilities, thus leading to numerical complications. Models combining
fixed effects and random effects are called mixed effects models.
Suppose the following general formulation for the systematic component of the
utility function is used:
V=β0+ βcost * travel_cost + βtime * travel_time+ … (1)
where:
β 				

are the coefficients to be estimated

travel_cost and travel_time

are the variables associated with travel cost
and travel time, respectively

…

corresponds to additional explanatory
parameters in the model.

The coefficient of the cost and the coefficient of the travel time capture the sensitivity of the travelers’ utility toward changes in the travel time and the cost. Their
ratio can therefore be used to capture the trade-off between travel time and the
travel cost; in other words the VOT. The following explanation provides more
insight into this. The utility is in general unitless. To simplify notation, it is sometimes useful to express it in an imaginary unit of “utils.” Assuming that the travel
cost is measured in $ and the travel time is measured in minutes, the units of the
respective coefficients would then be utils/$ and utils/min, respectively. The ratio
of the coefficient for the travel time over the coefficient for the travel cost would
have units of $/min (or $/hr if multiplied by 60), which is the expected unit for a
VOT measure:
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(2)

Modeling involves inherent trade-offs of complexity versus performance. The
addition of appropriate terms in a model can improve its performance; similarly,
more elaborate model structures may be better able to model complicated processes. On the other hand, parsimonious models have lower data and computational requirements and thus can be more easily applied. Rigorous statistical tests
and appropriate goodness-of-fit measures are available to ensure that additional
variables and elaborate modeling techniques are indeed appropriate. Arguably the
simplest discrete choice model is the binary logit model, which can be used as a
benchmark against which more involved models can be measured, so that their
marginal contribution can be concretely quantified.

Survey Design and Administration
Collected data may be either revealed-preferences (RP) or stated-preferences
(SP) data. RP data represent the actual behavior of travelers and can be obtained
through travel surveys, diaries, and field experiments. SP data represent the behavior of the travelers in hypothetical situations; such data can be obtained through
SP surveys and simulators. The power of SP data lies in their ability to provide
insight into nonexistent alternatives, as well as driver choice data in situations
where RP data are limited (Louviere et al. 2000). Examples of studies using SP data
include Abdel-Aty et al. (1997), Mahmassani et al. (2003), and Ettema and van de
Horst (2005). While SP data are widely used, they are viewed with skepticism by
some analysts. Adamowicz and Deshazo (2006) and Louviere (2006) discuss several issues related to SP methods.
To take advantage of a flexible experimental design that also includes nonexistent
alternatives, an SP survey was developed and administered via personal interviews
in the city of Agrinio, Greece, in December 2005. Wattam et al. (2005) provide
the key steps for the design of such a survey: setting of alternatives, selection of
measures for each attribute, selection of number of levels for each attribute, and
development of scenarios.
The sample of survey respondents was random and over a period of three weeks
the total number of participants was 289. The questionnaire contained two parts.
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The first included 15 questions about socioeconomic characteristics, such as
demographic characteristics and usual preferences in driving. The second part
included 10 hypothetical binary questions in which respondents were asked to
indicate their choice in a seven-point rating scale (ranging from strong preference for the first alternative through indifference between the two alternatives to
strong preference for the second alternative). The choice of a seven-point rating
scale is supported by Richardson (2002), who compares several rating scales for
the problem of VOT estimation and concludes that a seven-point scale results in
lower bias and variance than five- and nine-point scales.
Each respondent was presented with 10 scenarios resulting in a total of 2,890
observations. The scenarios included various combinations of modes, costs, and
time. The range of travel times used in the SP experiments is between 60 and 120
minutes, and their difference in the experimental design ranges between 20 and
60 minutes (so that it can also reflect the sensitivity to the magnitude of the difference). Costs for the alternatives ranged between 6 and 10 Euro (roughly $7 and
$12) while cost differences ranged from €1,5 to €5,5. These travel times and costs
represent realistic values for the intercity trips that were considered (i.e., between
the Greek cities of Agrinio and Patras, which are 84km apart). Two scenarios
involved car trips, two scenarios involved bus trips, and six scenarios involved
choices between car and bus.
A first version of the questionnaire was tested on a random sample of 30 respondents. Based on the analysis of these questionnaires, the survey was improved
especially regarding the ease and speed of completion. The survey was administered in the form of an interview; that is a researcher asked the questions and
wrote down the respondent’s answers. This approach minimized errors that could
be made by inexperienced subjects and also sped up the process, thus making the
response rate higher. Only subjects who had done an intercity trip longer than
1hour in the past three months were included in the survey. Furthermore, only
drivers older than 18 years of age were eligible, as car was one of the alternatives.
The duration of the interview ranged between 5 and 10 minutes per respondent,
with a response rate of about 55 percent. Approximately 40 percent of those who
declined to participate were not interested in participating in this survey, while the
remaining 60 percent of those who declined, stated that they had not done any
intercity trip in the past three months.
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The resulting data is consistent with the socioeconomic characteristics of rural
cities in Greece. For example, gender representation was balanced, as 52 percent
of the sample were male. In terms of age, 20 percent of the respondents were
between 18 and 25 years old, 45 percent were between 25 and 45 years old, 22.5
percent were between 45 and 64 years old, and 12.5 percent were older than 65.
Five percent of the sample had no car, 35 percent had one car, 32 percent had 2
cars, and 28 percent had access to more than 3 cars.
A sample question from the second part of the questionnaire is shown in
Figure 2.
Please state your preference toward these options:

Figure 2. Sample Question from the SP Questionnaire

Model Estimation Results
Three models have been considered and compared with respect to their applicability to the estimation of VOT using data from a survey in the city of Agrinio,
Greece:
• A binary logit model was estimated as a benchmark, reference model. To
estimate a binary logit model, the seven-point scale of the response was
reduced to a binary choice. Responses with varying preferences for option A
(respectively B) were grouped into preference for choice A (respectively B).
Furthermore, responses with no preference for either choice were removed,
as it would not be reasonable to attribute these responses to either of the
binary alternatives. As a result, the final number of observations for the
binary logit model was 2,789, instead of 2,890 for the ordered logit model.
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• An ordered logit model, in which the ordered response is used directly as
the dependent variable.
• A generalized linear mixed effects model, allowing for a random intercept,
capturing unobserved heterogeneity among individual respondents.
All models were estimated using the R Software for Statistical Computing, version
2.4.0 (R Development Core Team 2006) with the MASS package (Venables and
Ripley 2002) for the logit models and the repeated package for the generalized
linear mixed model.
To obtain interpretable models, it was necessary to rearrange the collected data so
that the fastest (and more expensive) mode was always first. As a result, a positive
coefficient for a parameter implies that an increase in that attribute is associated
with an increased preference for the faster alternative. This choice was arbitrary
and the opposite convention could be used as well; of course, in that case the sign
and the interpretation of the estimated coefficients would differ.
The results of the estimation for the three models are reported in Table 1. All coefficients are significant at the 95 percent level, except for the travel time and travel
cost coefficients, which have t-values between 1.1 and 1.2 (in absolute value) in
the ordered logit model and between 1.2 and 1.4 for the generalized linear mixed
model. Higher travel times and cost result in a lower tendency of travelers to pick
the mode in question. The intuitive negative signs of these two coefficients, along
with the meaningful VOT figure obtained from this process, support the model
results. The results of the binary logit model are similar, with a decrease in the
significance of the travel time and travel cost coefficients. The gradual increase
in the significance of the travel time and travel cost differences from the binary
logit to the ordered logit and to the generalized linear mixed model indicate that
the increased complexity of these models indeed improves the fit and provides
additional benefits. In the final model (generalized linear mixed model), the travel
time coefficient is significant at the 85 percent level, and the travel cost at the 80
percent level.
The large standard errors of travel time and cost coefficients seem problematic.
On the one hand, these may be due to the correlation between repeated observations from the same respondent. This is only partly captured by the mixed effects
model, which allows for a randomly distributed intercept. The estimated standard
deviation of the intercept is very significant, which implies that indeed there is
heterogeneity between individuals or—put differently—correlation among the
10
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Table 1. Estimated Coefficients and Statistics

N/A: Not applicable
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responses of the same individual. On the other hand, the number of respondents
may not be sufficient to provide sufficient information for the estimated coefficients.
Summary statistics are also presented in Table 1. However, as the models are nonnested, comparisons using these statistics are not appropriate.
Using equation 2 the VOT was calculated as:
1. 5,99 €/h (approx. US $7.2/h) with the use of the generalized linear mixed
model,
2. 5,77 €/h (approx. US $6.9/h) with the use of the ordered logit model, and
3. 6,76 €/h (approx. US $8.1/h) with the use of the binary logit model.
The binary logit model provides the highest estimate for the VOT. A comparison
of the obtained VOT from the three models provides further evidence that the
ordered logit and generalized linear mixed model provide superior performance
in this context and for this dataset. For comparison, Diamandis et al. (1997) estimated values between US $3.72/hr and US $6.42/hr (in 1996 dollars) and Polydoropoulou et al. (2000) estimated US $4.92/hr for bus and US $6.6/hr for car (in
2000 dollars).
In the remainder of this section, the estimated coefficient values for the generalized linear mixed model are discussed to provide some further insight into the
model. The Mode variable is coded as the difference between the two modes.
Dummy variables have been created for each mode (carA and carB), taking the
value 1 if the mode is car and 0 otherwise. If both modes are the same (both car or
both bus), their difference is equal to 0. If one of the modes is bus (and it will have
to be mode B, as it is assumed that bus is always slower), then carA-carB=1-0=1
and it takes value of 1. The positive estimated coefficient captures the underlying
preference toward choosing private car over public transit.
Education has been entered into the model as a factor taking five values (basic
education, high school, technical education, college, university). The lowest level
of education (basic education or elementary school and junior high school) has
been used as a base. In general, as the level of education increases, the preference
toward faster modes tends to increase. Using basic education as the base, there is
a clear increase for high school graduates, and then another level where the preferences of those with technical school and college and university degrees cannot

12
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be clearly distinguished. This is a reasonable finding as higher education may be
considered a proxy to income.
The respondent’s profession has been included in the models as a factor with seven
levels: self-employed, private employee, student, public employee, homemaker,
unemployed, and retired. Using self-employed people as the base, the other factor
levels have negative coefficients, implying that they have a lower tendency toward
faster (and expensive) options. Self-employed travelers show the highest interest for fast options, followed by private employees. This is an intuitive finding, as
these groups of professionals can be expected to have the highest value of time.
Students and public employees follow, while the lowest preference toward fast,
expensive options is exhibited by unemployed and retired people (who have low
disposable income and not so many pressing obligations). These are all reasonable
findings and demonstrate how profession can be used as a proxy to income.
An additional variable (Peak_time) captures whether the majority of the trips that
the respondent makes are within peak periods. If a person travels mostly during
peak periods, then this variable takes the value 1, otherwise it takes the value 0.
This variable is associated with a negative coefficient, showing a lower tendency
of those who travel during peak periods for fast, premium options. This might be
related with the fact that premium services offer lower perceived benefits during
peak periods (e.g., due to overall congestion).
Variable Car_ownership reflects the number of cars available in the household.
The estimated coefficient is positive, confirming the intuitive expectation that
travelers with higher car ownership have a higher preference toward the faster
(and more expensive) options. Besides the practical benefit of having access to cars
when they need them, car ownership acts as a proxy to income.

Subset Analysis
The developed methodology also allows analysis of the VOT of subgroups of the
sample population through the estimation of model coefficients using a subset of
the survey data. For example, models for young travelers, as well as travelers who
mostly travel for leisure, are estimated in this section and the resulting VOTs are
calculated. Model estimation results for these two subset are shown in Table 2.

13
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Table 2. Estimated Coefficients and Statistics for Subset Mixed Models

The estimated VOT for young individuals is found to be equal to 4.66€/h (5.6$/h),
while for individuals who travel mostly for leisure in the area covered by the survey
the VOT is calculated as 6.27€/h (approximately 7.5$/h). For reference, the average
VOT estimated from the complete model is equal to 5.99€/h (or about 7.2$/h).
These results are intuitive and consistent with the literature, thus providing further validation of the developed approach. The VOT of younger persons is lower
than the average, as these individuals in general have fewer obligations and lower
disposable income. The interpretation of the VOT for leisure trips is a bit more
involved. One could argue that work-related trips involve a higher VOT, as there
are presumably constraints (e.g., the worker needs to arrive at work by a fixed time,
14
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or needs to complete some activities within some given time). Leisure trips, on
the other hand, have no explicit constraints. However, time spent/saved during
such trips is “quality” time that the individual can spend with his or her family, or
performing other enjoyable activities. As a matter of fact, evidence in the literature
(e.g., Feather and Shaw 2000; Jara-Diaz et al. 2006) suggests that VOT for leisure
trips is generally higher than for work-related trips.

Conclusion
A methodology for the estimation of value-of-time using stated-preference surveys and various econometric models (including ordered discrete choice models
and generalized linear mixed models) has been presented. An application in the
interurban trips between the cities of Agrinio and Patras in Greece has resulted
in reasonable estimates for the VOT. Ordered logit and binary logit models have
been estimated and it has been shown that, in this particular application, the
ordered logit model provides superior performance. A generalized linear mixed
model that also considers correlation among responses from the same respondent
is also presented. In this application, the mixed model is found superior than the
other two models. As recommended by previous studies, this research incorporates socioeconomic data into the specification of the models.
The main contribution of this article is the application of advanced econometric
models (ordered logit model, generalized linear mixed effects model) within a
methodology for the estimation of VOT. The developed models are found to be
superior to the binary logit model often used in such applications. Besides providing a resource for researchers, this research can be readily used by practitioners,
thus helping bridge the gap between state-of-the-art and state-of-the-practice.
Future research may include both modeling and application enhancements. In
terms of modeling, refinements to the discrete choice models could be used to
more fully account for the unobserved heterogeneity and taste variation between
the survey respondents (the current fixed effect model only allows for a randomly
distributed intercept). Explicit modeling of the correlation between the answers
of each respondent with respect to other parameters in the model (panel data)
could improve the estimation accuracy and significance of the estimated coefficients. One of the requirements for such an analysis includes a larger dataset.
In addition, the approach should be further validated through its application to
other datasets, including different data collection techniques, such as adaptive
15
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survey design (see e.g., Richardson 2002) and combination of stated-preference
questionnaires with revealed-preference questions.
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Abstract
In this article a tool for measuring customer satisfaction in public transport is proposed. Specifically, a structural equation model is formulated to explore the impact of
the relationship between global customer satisfaction and service quality attributes.
The public transport service analyzed is the bus service habitually used by University
of Calabria students to reach the campus from the urban area of Cosenza (southern
Italy). To calibrate the model, some data collected in a survey addressed to a sample
of students were used. The proposed model can be useful both to transport agencies
and planners to analyze the correlation between service quality attributes and identify the more convenient attributes for improving the supplied service.

Introduction
Over the last few years, companies have gradually focused on service quality and
customer satisfaction. This strategy is very profitable for both companies and
customers, particularly for transit agencies and passengers. An improvement of
the supplied service quality can attract further users. This fact could resolve many
problems (e.g., helping to reduce traffic congestion, air and noise pollution, and
energy consumption) because individual transport would be used less. For this
reason, the development of techniques for customer satisfaction analysis is nec21
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essary. These techniques allow the critical aspects of the supplied services to be
identified and customer satisfaction to be increased (Cuomo 2000).
This research explores the relationship between global customer satisfaction (i.e.,
passenger satisfaction about overall service) and service quality attributes, based
on needs and expectations expressed by the customers of public transport services. A structural equation—the structural equation modelling (SEM)—model
is proposed. SEM is useful to researchers as a multivariate technique combining
regression, factor analysis, and analysis of variance to estimate interrelated dependence relationships simultaneously.
SEM was adopted in several fields of research and generalized by Joreskog (1973)
and Wiley (1973). Some applications were proposed, for example, in the fields of
psychology and social science (MacCallum and Austin 2000; Muthén et al. 2006),
natural science (Mitchell 1992; Grace and Pugesek 1997), and especially in economics and statistics (MacLean and Gray 1998; Eskildsen and Dahlgaard 2000;
Boari 2000; Manaresi et al. 2000). Some authors proposed SEM applications in
public transport (see, for example, Bamberg and Schmidt 1998; Fillone et al. 2005;
Tam et al. 2005). Specifically, SEM was adopted for describing customer satisfaction in public transport services (as an example, see Andreassen 1995; Karlaftis et
al. 2001).
The model proposed in this article investigates the impact of bus transit aspects on
global customer satisfaction. The service analyzed is habitually used by University
of Calabria students to reach the campus from the urban area of Cosenza (southern Italy). To calibrate the model, data collected in a survey addressed to a sample
of students were used.
This article begins with an introduction to a theoretical framework of structural
equation models. Next, the experimental survey is described and the statistical
descriptive analysis of the sample is reported. The last section describes the general
structure of the proposed model and presents the model results.

Structural Equation Models
SEM methodology spread fast as a consequence of the development of specific packages, like LISREL (Joreskog and Sorbom 1988, 1989, 1995) and AMOS
(Arbuckle and Wothke 1995). The availability of these packages has encouraged
several applications in different contexts.
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This approach allows the modelling of a phenomenon by considering both the
unobserved “latent” constructs and the observed indicators that describe the
phenomenon.
SEMs are made up of two components: the first describes the relationship between
endogenous and exogenous latent variables, and permits the evaluation of both
direction and strength of the causal effects among these variables (latent variable
model); the second component describes the relationship between latent and
observed variables (measurement model).
The basic equation of the latent variable model is the following (Bollen 1989):
(1)

=++
where:
 (eta)

is an (m x 1) vector of the endogenous latent variables

(xi)

is an (n x 1) vector of the exogenous latent variables

 (zeta)

is an (m x 1) vector of random variables

elements of the
 (beta) and
(gamma) matrices are the structural coefficients of the model
 matrix

is an (m x m) coefficient matrix for the latent
endogenous variables

 matrix

is an (m x n) coefficient matrix for the latent
exogenous variables

The basic equations of the measurement model are the following:
x= x+		

(2)

for the exogenous variables
y=y +

(3)

for the endogenous variables
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where:
x and  (delta)

are column q-vectors related to the observed exogenous
variables and errors, respectively

x (lambda)

is a (q x n) structural coefficient matrix for the effects of the
latent exogenous variables on the observed variables

y and  (epsilon) are column p-vectors related to the observed endogenous
variables and errors, respectively
y

is a (p x m) structural coefficient matrix for the effects
of the latent endogenous variables on the observed ones

The structural equation system is generally estimated by using the maximum likelihood method (ML). In other cases, the structural equation model parameters can be
estimated by using other estimation methods, such as unweighted least squares (ULS),
weighted least squares (WLS), generalized least squares (GLS), and so on. These estimation methods are described in Bollen (1989) and Washington et al. (2003).
For a more detailed discussion on structural equation models, see Joreskog (1973),
Bollen (1989), Bagozzi (1994), and Golob (2003).

The Sample Survey
The sample survey was addressed to University of Calabria students who lived in
the urban area of Cosenza. The university is the major center of interest in this
area. Unlike other Italian universities, which are located inside the urban center,
the University of Calabria is like the Anglo-Saxon campus; it is located outside the
city in an area in which there are both university facilities and residential services.
More than 30,000 students attend the university, which is staffed by 2,000 people
(March 2006).
A single transit agency (Consorzio Autolinee Cosenza S.r.l) manages the urban bus
lines. These service lines are dedicated to the students and are not used by other
people. The service is available from 7:30 a.m. to 12:30 p.m. Service frequency is 1
run every 60 minutes; in peak hours service frequency is 1 run every 30 minutes.
An extra-urban service permits connection between the campus and the major
towns in the Calabria area. In a working day, about 8,800 students travel by urban
bus and 1,200 by extra-urban bus.
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The survey, conducted in April 2006, was addressed to students who use the
urban transport services. A total of 763 students was interviewed, for a sampling
rate of 8.6 percent. Respondents were asked to provide information about their
socioeconomic characteristics and bus service quality. Each student was asked to
indicate the faculty, condition of student as “in course” or “out course,” and condition of student as “inside” or “outside,” and place of residence and domicile. In
Italy, out-course conditions relate to a university student who has not finished his
or her studies in the prescribed time. Outside students are those living in a place
more than an hour from campus. Some student socioeconomic characteristics
requested were: age, gender, number of family members, income, number of cars,
and number of licensed driving members.
To evaluate bus service quality, the respondent was asked about 16 service attributes. On a scale from 1 to 10, users expressed a rate of importance and a rate of
satisfaction on each attribute. In addition, a rate on global service, in terms of both
expected and perceived quality, was requested.
The analyzed attributes are shown in Table 1.

Table 1. Service Quality Attributes
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A statistical descriptive analysis of the sample was carried out. Eighty percent of
the sample was in-course students and 20 percent was out-course students. The
sample was spread over 47 percent male and 53 percent female respondents. Of
the student sample, 49 percent was between 21 and 24 years old; 41 percent was
between 18 and 20 years old; the other students (10%) were over 24 years old. The
sample was divided between inside (20%), and outside (80%) students. Outside
interviewed students live in the urban area. Twenty-seven percent of the student
sample belonged to the Faculty of Engineering, 21 percent to the Faculty of Arts
and Philosophy, 19 percent to the Faculty of Economy, and 27 percent was spread
among the Faculty of Mathematical, Physical and Natural Science, Pharmacy, and
Political Science. Six percent belonged to interfaculties (Figure 1a). Eighty-five percent of the sample has a driver’s license, but 90 percent does not have the car in

Figure 1. Sample Sharing According to Faculty (a) and Income (b)
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the place of domicile. About 50 percent are from middle-class families and about
35 percent are from the lower-middle class (Figure 1b).

The Proposed Model: General Structure
In the proposed structural equation model, the observed variables are the 16 service quality attributes evaluated by the user sample and the 2 global service quality
indicators (perceived and expected quality). The latent variables are the unobserved service quality aspects that can be explained by the observed variables.
The latent variables were defined by means of an exploratory factor analysis (EFA)
implemented in the form of principal component analysis. EFA was conducted
by using a correlation matrix. To determine the number of components, only the
eigenvalues greater than or equal to 1 were considered (Guttman 1954; Kaiser
1960). An orthogonal rotated solution (Quartimax) was adopted (Carroll 1953).
In addition, the KMO test (Kaiser, Mayer and Olkin) and the Barlett sphericity test
were effected (Fabbris 1997).
By means of the EFA, four variables were identified. The first variable, service planning and reliability, related to the factors of frequency, reliability, information,
promotion, personnel, and complaints. The second variable, comfort and other
factors, related to bus stop furniture, overcrowding, cost, environmental protection, and bus stop maintenance. The third variable, safety and cleanliness, related
to cleanliness, safety on board, and personal security. The fourth variable, network
design, related to bus stop availability and route characteristics.
The latent variable model relates the 4 exogenous latent variables to an endogenous latent variable, named satisfaction; besides, the exogenous variables are
correlated among them. The measurement model relates each latent variable to
the variable that measures customer satisfaction. Specifically, we supposed that
the exogenous latent variables are measured by the 16 service quality attributes
and the latent variable “satisfaction” is measured by the indicators of perceptions
and expectations.
By effecting some preparatory calibrations, we propose the final model shown in
Figure 2.
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The Proposed Model: Results
The model was calibrated by using the AMOS 4.0 package from SmallWaters Corporation (Arbuckle and Wothke 1995). Model results are shown in Tables 2 and 3.
Specifically, the parameters estimated, the standard error (S.E.), the critical ratio
(C.R.), and the level of statistical significance (P) of each variable are reported in
Table 2; some tests on the goodness of fit are given in Table 3.
To estimate the model, the constriction of a parameter to a value equal to 1 was
necessary. Afterwards, the estimated coefficients were standardized. All parameters have a correct sign and assume a value statistically different from zero, at a
good level of significance. Only one parameter is less statistically significant than
the others (level of significance of 9.0%).
The minimum value of the discrepancy function is 304.705; this value is statistically
significant according to the chi-squared test.
The tests on the goodness of fit are quite satisfactory. The goodness of fit index
(GFI) is at 0.947, the adjusted goodness of fit index (AGFI) is 0.922, and the comparative fit index (CFI) is 0.877. These indexes are bounded above by 1, which
indicates a perfect
fit; therefore, the indexes obtained from the model are very good. The root mean
square residual (RMR) index has a value of 0.150, and the root mean square error
of approximation (RMSEA) has a value of 0.066; the values of these indexes are low
and therefore are quite good. For a more detailed discussion on the indexes, see
Arbuckle and Wothke (1995) and Bollen (1989).
The latent variable with a major effect on global customer satisfaction is service
planning and reliability, which has a coefficient value of 0.697 (standardized
weight). The network design and the comfort and other factors latent variables
have considerable impacts, even if lower than the previous (0.237 and 0.199,
respectively).
The route characteristics observed variable has a major impact on the network
design exogenous latent variable (0.649). Similarly, the complaints factor has a
major impact on the service planning and reliability latent variable (0.623), even
if all the other factors have a considerable weight. Finally, the bus stop maintenance factor has a major impact on the comfort and other factors latent variable
(0.701).
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Table 2. Parameter Estimation and Levels of Statistical Significance
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Table 3. Goodness of Fit Indexes
Indexes

Values

Chi-square	304.705
Goodness of fit index (GFI)
Comparative fit index (CFI)
Adjusted goodness of fit index (AGFI)
Root mean square residual (RMR)
Root mean square error of approximation (RMSEA)

0.947
0.877
0.922
0.150
0.066

The endogenous latent variable, indicating global customer satisfaction, is best
explained by the indicator of the quality level perceived by the user (perceptions
variable), whose coefficient has a value of 0.718. On the other hand, the indicator
of the quality level expected by the user has a lower value (0.140).
The model offers empirical findings and practical implications. It can be used for
investing in some attributes to improve the service by taking into account the
strength of the relationship between the variables introduced. In this case, the
model suggest that an improvement of the service in terms of service planning
and reliability can be more convenient for transport operators because the service
planning and reliability latent variable has the greatest effect on global customer
satisfaction.

Conclusions
In this article a structural equation model has been proposed to show the relationship between passenger satisfaction on bus services and the attributes of the
services supplied. Although SEM methodology is well known and widely applied
in several fields of research, presently there are not many practical applications
in public transport, and specifically for measuring customer satisfaction. In this
research we have applied this methodology on the basis of needs and expectations
expressed by customers of a bus service. The proposed model identifies service
quality attributes to improve, with the aim of offering bus services characterized
by higher levels of quality.
The major limitation of this research is that the experimental context is circumscribed, because the sample survey was addressed to a specific category of
users—students of a university campus. A more accurate analysis of service quality
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in public transport should be based on a survey addressed to all categories of public transport users. However, in this specific case, the students are a relevant part
of the population that uses bus transit in the urban area of Cosenza. In spite of its
limitation, this study could be a starting point for more exhaustive research.
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Abstract
As public transport companies market new self-service technologies, it has become
increasingly important to understand the factors affecting the users’ perceived service quality of these services. Electronic Service Quality has been broadly defined as
encompassing all phases of a customer’s interaction with a website. The E-S-QUAL
scale comprises four dimensions. This article investigates the importance of three of
the suggested quality dimensions (efficiency, system availability, and fulfillment) for
overall satisfaction when using information-based websites. A survey was conducted
with respondents being asked to use and evaluate an existing website delivering public transport information in their region. The results revealed that efficiency (addressing the ease and speed of using the site) was most important for overall satisfaction.
Furthermore, it is concluded that a modified E-S-QUAL scale is appropriate for this
purpose as it was possible to adapt it to a pure service-related website.

Introduction
Many public transport companies have established websites as a complement
to their existing services where customers can view and download travel-related
information. A common service provided to passengers is the ability to make
inquiries regarding arrival and departure times, prices, and the nearest stops. It is
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believed that the extra cost invested in providing additional information via the
Internet will eventually generate more journeys and more passengers.
Research into e-commerce and technology adoption suggests that a user-friendly
website with rich, interesting, and searchable contents will ultimately gain the
approval of customers, encouraging both initial use and return visits (e.g., Bell and
Tang 1998; Liu and Arnett 2000; Zhang and Von Dran 2001). Conversely, a website
with poor content and design, especially when the services are difficult to use, will
likely generate negative feelings (Mick and Fournier 1998). Thus, the way the site is
organized to make the content easier to read and the service easier to use can have
a significant impact on the level of satisfaction with the service. Taken together,
high levels of service quality will encourage both a higher level of satisfaction and a
higher level of usage. Previous research largely focuses on online shopping sites. To
complement this, the present research focuses on travel information sites where
one can obtain information making it easier to use ordinary travel services.

Using the Internet to Find Travel-Related Information
When planning a journey, the Internet may be a source of help for some people.
In recent years, travel-related websites have undergone considerable growth and
the number of passengers making inquiries on the Internet seems to be on the
increase. This may be due to the added convenience of online passenger websites
(e.g., passengers are able to view different alternatives at any time). The service
provided on these websites is free to the passenger. If passengers are dissatisfied
with the service being provided, this may affect their travel behavior. An objective
of the present study is to examine passengers’ perceptions regarding overall satisfaction with the information site and how these perceptions relate to the defined
dimensions of service quality.
If public transport companies are able to determine the underlying dimensions of
service quality that are relevant to public transport information on the Internet,
they may also be better able to design websites providing users with the highest
possible service quality. In addition, if they have a tool for measuring users’ perception of the level of service quality, they may also be able to adjust their service to
retain current passengers and encourage new passengers to use their site. Thus, an
additional objective of the present study is to provide an evaluation tool for assisting public transport companies in quantifying their service quality levels.
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Previous Research into Electronic Service Quality
Traditional research into service quality has measured the service quality of
exchanges that are interpersonal in nature. However, recent studies have focused
on evaluating electronic service quality (i.e., Aladwani and Palvia 2002; Yoo and
Donthu 2001; Parasuraman, Zeithaml, and Malhotra 2005; Wolfinbarger and Gilly
2003; Yee-Man Siu and Chi-Wah Mou 2005). A recent study by Yang et al. (2005)
developed an instrument measuring service quality in the context of an information service on the Internet. The results revealed five dimensions: usability, usefulness of content, adequacy of information, accessibility, and interaction. Usability
is related to user-friendliness. Usefulness of content refers to the value, reliability,
currency, and accuracy of the information. Adequacy of information is the extent
of the completeness of the information. Accessibility involves availability and
responsiveness. Interaction involves three types: users and employees, users and
the website, and between peer users of similar products (Yang et al. 2005). The five
factors significantly affected the users’ overall service quality evaluation, which in
turn influenced their satisfaction. Usability and accessibility were found to be the
most significant influences on the users’ overall service quality perceptions (Yang
et al. 2005).
The eTailQ scale was developed in an attempt to measure how consumers perceive the quality of a website (Wolfinbarger and Gilly 2003). This scale comprises
four dimensions: website design, reliability/fulfillment, privacy/security, and customer service. However, Parasuraman, Zeithaml, and Malhotra (2005) express
reservations about two of the dimensions in the eTailQ scale (website design and
customer service) as being less consistent and distinct. Having surveyed a number of relevant articles in this area, Parasuraman, Zeithaml, and Malhotra (2005)
developed and refined a new scale for measuring electronic service quality (E-SQUAL—Electronic Service QUALity). The E-S-QUAL instrument has been tested
in online shopping contexts. The dimension of efficiency addresses the ease and
speed of accessing and using the site, system availability focuses on the technical
functioning of the site, fulfillment measures the extent to which the site’s promises
regarding order delivery and item availability are fulfilled, and privacy considers
the degree to which the site is safe and protects customer information. In the
context of e-commerce, efficiency and fulfillment have the greatest effect on the
perceived service quality, value and loyalty, followed by the dimensions of system
availability and privacy.
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E-S-QUAL is a multiitem scale developed for measuring the service quality delivered by websites where customers shop online. So far, the E-S-QUAL instrument
has focused on websites selling physical products. It should, however, be tested
in other contexts as well. Parasuraman, Zeithaml, and Malhotra (2005) call for
further research into E-S-QUAL in the context of pure service sites (sites offering
information services). The present study addresses this issue by investigating the
impact of three of the dimensions of the E-S-QUAL scale on user satisfaction with
public transport information on the Internet.

Method
Respondents
The sample included 58 people—41 women and 17 men—living in Karlstad,
Sweden. Respondents were conveniently selected at the university and among
acquaintances of the authors. Their mean age was 35.0 years (SD = 10.7). All but
two of the respondents had their own computer and access to the Internet. The
majority (83%) had been using the Internet for five years or more. Seventy-one
percent reported that they use the Internet once a day on average, 24 percent use
the Internet more than once a week on average, and a few respondents (n=3) use
the Internet more than once a month on average.
Twenty-nine percent reported that they use public transport more than once a
week on average, 26 percent use public transport more than once a month on
average, 36 percent use public transport more than once a year on average, and 9
percent seldom or never use public transport. Twenty-four percent reported that
they use public transport information on the Internet more than once a month
on average, the majority (52%) use it more than once a year on average, and 24
percent seldom or never use public transport information on the Internet.
Procedure
Respondents were asked to use and evaluate an existing website delivering public
transport information in their region. Thereafter, they were asked to fill out a
booklet consisting of three parts. Questions aimed at describing the sample were
asked in the first part. The descriptives included gender, age, and measures of
Internet experience. They also estimated how frequently they used the Internet,
public transport, and public transport information on the Internet (never, a few
times per year, a few times per month, a few times per week, or daily).
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In the second part, respondents were asked to: (1) go to the prespecified website;
(2) imagine making a predefined journey from one specified location to another
specified location; and (3) search for and report on the departure time, arrival
time, and cost of the stated trip. Respondents were also asked to specify the type
of transportation and describe the entire journey (including any changes). The
purpose of the task was to have respondents test the service to subsequently
be able to evaluate it. Respondents were also permitted to make suggestions for
improvements. In the third part, they rated their perceptions of the electronic
service quality on 20 questions.
Instruments
Website. An existing website delivering public service information in the area
where the respondents were living was used in this study (Figure 1). This website
contains information about all buses and trains in the County of Värmland, Sweden (http://www.kollplatsen.com/, accessed April 2005).

Figure 1. The Website’s Inquiry Page
(translated from Swedish to English)
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E-S-QUAL—A Multiple-Item Scale for Assessing Electronic Service Quality. Parasuraman, Zeithaml, and Malhotra (2005) developed E-S-QUAL for measuring the
service quality delivered by websites where customers shop online. The E-S-QUAL
scale was originally a four-dimensional, 22-item scale. Items included in E-S-QUAL
were selected after extensive pretesting that included multivariate analyses (Parasuraman, Zeithaml, and Malhotra 2005). The original scale was modified in this
study to adjust it to the context of a pure service transportation site (see Figure 2
for the scale items).
Efficiency
EFF1	
EFF2	
EFF3	
EFF4
EFF5
EFF6
EFF7
EFF8

This site makes it easy to find what I need.
It makes it easy to navigate anywhere on the site.
It enables me to complete a question quickly.
Information on this site is well organized.
It loads the pages fast.
This site is simple to use.
This site enables me to get on to it quickly.
This site is well organized.
System Availability

SYS1	
SYS2	
SYS3	
SYS4

This site is always available for use.
This site launches and runs straight away.
This site does not crash.
Pages on this site do not freeze after I have entered my order information.
Fulfillment

FUL1	
FUL2	
FUL3	
FUL4
FUL5
FUL6
FUL7
FUL8

It delivers what it promises.
This site makes information available within a suitable time frame.
It quickly delivers what I’m looking for.
It delivers the quickest route.
It presents alternatives to the route I asked for.
It delivers the correct information.
It delivers exactly what I’m looking for.
It delivers the journey time on the route I asked for.
Overall satisfaction

TFU1	
TFU2	
TFU3	

In general, the service is satisfactory.
Across the board, the service works well.
I will use the service again.

Figure 2. Measures of Study Constructs
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Eight items were included to tap efficiency, four items were included to tap system
availability, and eight items were included to tap fulfillment. One dimension (privacy), included in the original scale, was excluded from this study since it relates
solely to web shopping behavior.
Overall Satisfaction. A third set of three questions was used to measure overall satisfaction: (1) “In general, the service is satisfactory,” (2) “Across the board, the service works well,” and (3) “I will use the service again.” All the ratings on E-S-QUAL
and overall satisfaction were made on a numerical scale ranging from 1 (strongly
disagree) to 5 (strongly agree).

Results
Questionnaire Measures
The E-S-QUAL scales were averaged to yield three indices corresponding to
efficiency, system availability, and fulfillment. The reliability of these indices was
satisfactory, as indicated by Cronbach’s alphas of 0.91 (efficiency), 0.81 (system
availability), and 0.76 (fulfillment). These figures are comparable to those reported
in previous research (Parasuraman, Zeithaml, and Malhotra 2005).
A measure of the overall satisfaction was constructed by averaging across the
three overall scales. A satisfactory Cronbach’s alpha of 0.76 was obtained. Table
1 shows means, SDs, and intercorrelations between the four indices and the four
background questions about respondents’ Internet and public transport experiences.
As expected, the relationship between Internet experiences and use of the Internet was positive and statistically significant (r = 0.61). This was also the case for
Internet experiences and system availability (r = 0.27). This relationship was weak,
although statistically significant. It can thus be concluded that Internet experiences show a positive association with use of the Internet and the perceived
system availability.
The relationship between use of the Internet and use of public transport information on the Internet was significant (r = 0.30). This was also the case for Internet
use and system availability (r = 0.30). It can thus be concluded that use of the
Internet shows a positive association with use of public transport information on
the Internet and the perceived system availability.

41

Journal of Public Transportation, Vol. 10, No. 3, 2007

Table 1. Correlations, Means (M), and Standard Deviations (SD) of Index
Variables and Background Questions

Use of public transport was positively associated with use of public transport
information on the Internet (r = 0.51).
The relationship between system availability and overall satisfaction was found to
be positively and strongly related (r = 0.62). Thus, as the perceived system availability rises, so too does the overall satisfaction. A positive and strong correlation
was also found between overall satisfaction and efficiency (r = 0.83) and overall
satisfaction and fulfillment (r = 0.66). It can thus be concluded that overall satisfaction with public transport information on the Internet is positively associated
with availability, efficiency, and fulfillment, but shows no association (see Table 1)
with use of the Internet, use of public transport information on the Internet, or
use of public transport.
Regression Analyses
A multiple regression analysis was performed with overall satisfaction as dependent variable and efficiency, system availability, and fulfillment as independent
variables. The association between the dependent and independent variables was
high (R2 adjusted = 0.67). However, only efficiency (beta = 0.70, p<0.001) was positively and significantly related to overall satisfaction (see Table 2).
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Table 2. Multiple Regression of Predictors of Overall Satisfaction
Variable

Beta

System availability

0.18	1.88

.067

Efficiency
Fulfillment

0.70
0.01	

.001
.939

t
5.14
0.08

p

Accuracy of Performance
In the part where respondents searched for and reported on the departure time,
the arrival time, and the cost of the stated journey, 18 respondents stated an
incorrect price while 7 stated the correct price. Thirty-three respondents did not
answer the question. Many commented on the question by saying that it was
difficult to find the price of the journey. One reason was the lack of information
about the zone system on which the pricing structure is based.
Half of the respondents (29) chose to travel by a direct bus route, 20 respondents
chose to combine trains and buses, 4 respondents combined regional and local
buses, and 5 respondents did not state any chosen form of transport.
Forty-eight respondents gave a correct description of the route between the specified locations. Seven respondents failed to state a correct route. Three respondents
did not answer the question.
Forty-five respondents took the opportunity to suggest improvements (see Table
3). Many suggestions concerned details of prices (e.g., “link the price directly to the
Table 3. Overview of Suggested Improvements
Category

Frequency

Improved price lists	12
Clear and comprehensive information	10
Specify price in conjunction with inquiry results
8
Information about zones
6
Simplified inquiries	3
Display alternative journeys in conjunction with inquiry results	3
Miscellaneous	3
Have not submitted any suggested improvements	13
Total

58
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inquiry result” or “more readily available price lists”) and more clear and comprehensive information (e.g., “display more suggested journeys on the same screen”).
In summary, the majority of the respondents felt that there was a lack of information about both the price and the zone system on which the pricing structure was
based. Suggested improvements specified by the respondents overwhelmingly
relate to price information and the clarity of the website.

Discussion and Conclusions
One objective of the present study was to examine passengers’ overall satisfaction
empirically with a public transport information site and how overall satisfaction
relates to dimensions of service quality. We used a modified multiitem version of
the E-S-QUAL scale for measuring the service quality. Thus, an additional objective of
this research was to propose an evaluation tool for assisting public transport companies in quantifying their service quality level on the Internet. Consequently, the contribution made by this research is twofold. First, it shows that experiences and use
of the Internet increase the probability of using public transport information on the
Internet. This indicates the potential growth and development of online information
since the number of Internet users does not seem to be decreasing.
Second, efficiency, system availability, and fulfillment are all positively associated
with overall satisfaction (Wolfinbarger and Gilly 2003; Parasuraman, Zeithaml, and
Malhotra 2005; Yang et al. 2005; Yee-Man Siu and Chi-Wah Mou 2005). Thus, as
the perceived efficiency, system availability, and fulfillment rise, so too does the
overall satisfaction. More importantly, efficiency (the ease and speed of accessing and using the site) is the most critical contributor to the users’ perceptions
regarding overall satisfaction. The effect of efficiency on the dependent variable
was positive and significant, whereas the effects of system availability and fulfillment were nonsignificant. The consistency of this result underscores the need
for public transport companies to place extra emphasis on the website attributes
pertaining to this dimension. One plausible explanation for the nonsignificant
effects could be that the efficiency dimension is relatively important and a core
dimension (Yee-Man Siu and Chi-Wah Mou 2005) when determining overall satisfaction, whereas the system availability and the fulfillment dimension are not that
critical with regard to satisfaction. In line with this reasoning, system availability
and fulfillment may instead be related to dissatisfaction when the performance of
these is unsatisfactory.
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Obtaining the correct price of the journey was difficult for the majority of the
respondents; 57 percent of the respondents did not state a price at all. One explanation for this is that the fare table is zone based. The possibilities of understanding where the zone boundaries are located on the website are limited, so it is not
actually possible to determine the price of a journey with any degree of certainty.
An explanation for that seven respondents stated the correct price could be that
they already knew it.
Although the findings are encouraging and useful, the present study has certain
limitations. We selected one public transportation-related information site for our
research, which has an effect on the generalizability of our conclusions. The need
exists to further examine the perceived service quality and overall satisfaction in
the context of more diverse transport information sites. Furthermore, it is necessary in future studies to expand and randomize the sample to fully understand
perceived electronic service quality. In future studies, it could also be valuable to
add additional questions to capture broader attitudes toward public transport. It
is then possible to analyse the impact of satisfaction with public transportation
information on the Internet on satisfaction with public transport in general. A
more thorough psychometric assessment of the modified scale also needs to be
made in future studies.
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Abstract
This article proposes a new performance index called Transit Service Indicator (TSI),
which could be used as a comprehensive measure for quantifying the quality of service of a transit system. TSI integrates multiple performance measures (e.g., service
frequency, hours of service, route coverage, and travel time components) within a
systematic framework. It takes into account spatial and temporal variations in travel
demand, recognizing that quality of service is a result of interaction between supply
and demand. A case study is conducted to examine the sensitivity of the proposed TSI
to various system design and condition variables and parameters.

Introduction
The latest Transit Capacity and Quality of Service Manual (TCQSM; Kittelson &
Associates 2003 ) is an excellent supplement to the widely accepted Highway
Capacity Manual (HCM; Transportation Research Board 2000), with a systematic
framework for addressing various conceptual and methodological issues related to
transit capacity analysis and quality-of-service evaluation. One of the main features
of the TCQSM is its adoption of the level-of-service (LOS) concept introduced in
the HCM for measuring the quality of transit service from users’ perspectives.
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As acknowledged in the TCQSM, quantifying the quality of service of a transit system is much more complicated than evaluating a highway facility because of the
involvement of multiple players (e.g., transit operators, passengers, vehicles) and
a wide range of interrelated factors (e.g., spatial and temporal coverage, comfort
level, reliability). As a result, the current TCQSM has opted to use multiple LOS
measures, instead of one or two measures as the HCM, to evaluate the quality of
service of a transit system or its specific components. For example, six LOS measures are proposed for evaluating the quality of service of a fixed-route transit
system, encompassing both service availability (service frequency, service span,
service coverage) and service quality (passenger loading, service reliability, transitauto travel time difference). These measures reflect different aspects of a transit
service system as perceived by typical transit users.
One of the major disadvantages of using multiple LOS measures is its difficulty
to provide an overall quality-of-service evaluation required for comparing different transit routes, travel corridors, or transit systems. The main objective of this
research is to explore the possibility of combining some of the LOS measures into
a single quality-of-service measure.
The attempt to develop a comprehensive quality-of-service index is not new. Several past studies have made considerable progress on developing service indices to
measure transit quality of service, as summarized in Table 1. Rood (1997) proposed
a service availability measure called Local Index of Transit Availability (LITA),
which includes three components: frequency, capacity, and route coverage. Hillman (1997) developed the Public Transportation Accessibility Level (PTAL) index
to measure the access availability to the public transit network. Florida DOT introduced a new quality-of-service measure called Transit Level of Service indicator
(TLOS), which is defined as the percentage of time that an average person can use
the transit service (Kittelson & Associates and URS, Inc. 2001). This indicator incorporates the coverage, frequency, duration of the transit service, availability and
quality of pedestrian paths to transit stops, as well as the number of people and
jobs receiving transit service. All these indices model only the availability aspect of
a transit system with no consideration on service convenience (e.g., travel time)
and demand distribution.
Polzin et al. (2002) were the first to suggest the need to consider demand distribution in evaluating transit quality of service. They proposed the Transit Service
Accessibility Index (TSAI), which measures how well travel demand is served using
time-of-day travel demand distribution to determine the relative value of the
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Hillman 1997

Public Transportation
Accessibility Level

Travel speed, average vehicle No
occupancy
Headway

Mobility Index

Galindez and
Mireles-Cordov
	1999

Wait Assessment

MTA-NYCT 2001	

Transit speed

Transit Travel Speed
St. Jacques et al.
	1997

No

Yes

No

Yes

Transit travel time

Transit Travel Time

Dowling and
Colman 1998

Yes

Yes

Yes

Yes

Yes

Service Quality Index
Hensher et al. 	13 variables (i.e., travel time,
	2004
frequency, etc.)

Service frequency, service coverage

Frequency, capacity, route coverage

Rood 1997

Local Index of
Transit Availability

Service coverage, frequency, service
span, population, jobs
Service coverage, service span,
frequency, travel demand

Kittelson &
Associates and
URS, Inc. 2001

Transit Service
Polzin et al. 2002	
Accessibility Index		

Transit Level of
Service Indicator

				
		
Incorporated Performance
Reflecting Transit
Indices
Studies
Measure(s)
Availability?

Yes

No

Yes

Yes

Yes

No

No

No

No

Reflecting Transit
Comfort and
Convenience?

Table 1. Summary of Various Transit Quality of Service Measures

No

No

No

No

No

No

Total # of trips

No

Reflecting Travel
Demand
Distribution?
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transit service provided in each time period of the day. The travel demand distribution considered is, however, limited to temporal fluctuation along the transit
route and no spatial distribution is considered.
Galindez and Mireles-Cordov (1997) developed a mobility index for the Los
Angeles County Metropolitan Transportation Authority, which is defined as the
production of average travel speed and average vehicle occupancy. However, this
index considers only travel convenience (travel time and comfort), overlooking
other quality-of-service aspects such as coverage, frequency, and service span.
The Service Quality Index (SQI) proposed by Hensher et al. (2004) adopts a stated
choice (SC) method, in which a sample of passengers were asked to choose their
most preferred travel option from a number of alternatives with known attributes. Multinomial logit (MNL) models were then estimated to obtain the relative
weights representing the contribution of each service attribute to the preference
of travelers. The resulting weights were used in calculating the overall SQI of a transit system. This model reflects an individual’s view of a transit system in general.
However, it is not clear how the locally calibrated model can be applied to transit
systems in other geographical areas. Furthermore, an aggregation scheme needs to
be developed to obtain the collective view of all potential users on a given transit
system.
A new transit quality-of-service index, called Transit Service Indicator (TSI), is
introduced in this article. The study presents a detailed computational procedure
that implements the proposed methodology, and performs a sensitivity analysis
to evaluate the relationship between the proposed TSI and various system characteristics.

Methodology
Transit Service Indicator from a Single Trip-Maker’s Perspective
The starting point of our proposed methodology is to address the question of
how to measure the quality of service of a transit system from a given trip-maker’s
point of view. In this research, we contemplate that the perception of a trip-maker
on a transit system can be mostly reflected by his or her perceived total travel time
by transit as compared to auto travel time for the trip. As a result, we propose
to use the ratio of the weighted door-to-door travel time by auto (WTA) to the
weighted door-to-door travel time by transit (WTT) as a performance indicator,
called Transit Service Indicator (TSI), to measure the quality of service for a given
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trip of a given individual. Specifically, the TSI for a trip from origin point i to destination point j at time period t is defined as follows:

(1)
where:
WTA(i, j ,t)

is the weighted total of driving time and walk time from origin i
to destination j at time period t by auto

WTT(i ,j ,t)

is the weighted transit travel time from the same origin point i
to the same destination point j at time period t

A detailed discussion on these two travel times and their components is provided
later in this article.
Transit Service Indicator from Multiple Trip-Makers’ Perspectives
The transit service indicator introduced in the previous section can be used to
represent the quality of service of a transit system from a given individual’s perspective. From a practical point of view, however, a measure of quality of transit
service should reflect the collective view of all the individuals who are covered by
the transit system. To measure such a collective view, we must ideally consider
both the temporal and spatial variations of the individual trips (demand) and
the availability of transit service to serve these trips. In this section, we propose
a simulation-based methodology that can be used to achieve this objective. We
first discuss how to measure the transit service indicator along a travel corridor,
which is then extended to the case of a given activity area, and further to a whole
service area.
TSI of a Travel Corridor. A travel corridor linking two activity areas is shown in
Figure 1, where AO (Area of Origins) represents an area where all trips start and
AD (Area of Destinations) represents an area where all trips end. An activity area
usually refers to an area with high-density population or employment, which
could be a transportation analysis zone (TAZ) or a combination of several such
zones. Without loss of generality, we will consider only one-way trips, assuming
that total daily trips (demand) and transit service (supply) between the areas
are symmetrical and balanced. The activity areas are connected by a network of
streets and transit routes. To determine the “total” view of all trip-makers who
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Figure 1. A Travel Corridor Between Two Activity Areas
travel from AO to AD, a set of trip origins and destinations is randomly generated
on the basis of the activity distribution pattern of each area, and the transit quality
index for each trip (with known origin and destination) is subsequently calculated
using Equation (1).
Depending on the actual location of the trip origin and destination, different trips
could yield different travel paths and thus different TSI values. The idea behind the
proposed method is using the average TSI value of a set of randomly generated
trips to represent the combined perspective of all travelers along the corridor.
If a total of nAO random origin points (i) and a total of nAD random destination
points (j) are considered for time period t, a total of nAO x nAD O-D pairs can be
formed and the average TSI between AO and AD for the period can therefore be
expressed as follows:

(2)
where:
nAO, nAD
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equals number of points randomly generated in area AO and
AD, respectively
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If the total demand from AO to AD in time period t is denoted as TOD(AO, AD,
t), the overall average TSI along the travel corridor in a whole day can be obtained
using Equation (3).

(3)

where:
TSI(AO,AD)

equals daily TSI value for the travel corridor from AO to AD

TOD(AO,AD,t) represents the total travel demand from AO to AD at time
period
t
nt

is the number of time periods

TSI of an Activity Area. The quality of transit service of a given activity area is
defined as the combined quality of transit service from that area to all desired
destination areas. As a result, the TSI of a given area for a given period can be
formulated as follows:

(4)

where:
TSI(AO, t)

equals TSI value for area AO at time period t

ZD

is the set of destination areas
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Equation (4) can be further integrated to obtain the daily average TSI for a given
activity area as follows:

(5)
where:
TSI(AO)

is the daily TSI value for the given area AO

TOD(AO, t)
equals total travel demand originating from the area AO at time
period t, which can be calculated as follows:
(6)
TSI of a Service Area. Following the same idea, we can formulate the TSI for the
whole service area covered by a transit system as follows:

(7)

(8)

where:
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TSI(t)

equals TSI value for a service area at time period t

TSI

is the daily TSI value for a transit service area
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TOD(t) represents total demand from all origins to all destinations in time period
t, which can be determined as follows:
(9)
where:
ZO

is the set of origin areas within the service area

ZD

equals the set of destination areas within the service area

The TSI value defined by Equations (3–8) uses total travel demand instead of transit demand as a weighting factor to aggregate users’ points of view, which assumes
all trip-makers are potential transit users. This assumption could be relaxed in
practice by considering only transit demand.
Estimation of Auto/Transit Travel Times
Since the proposed transit service indicator is defined on the basis of travel time
by both transit and auto mode as shown in Equation (1), it is necessary to develop
an accurate estimate of the expected travel time for each trip by each mode.
Figure 2 shows the procedure involved in estimating auto/transit travel times. As
can be seen, travel time calculation is not straightforward due to the existence of
multiple paths for a given trip, the interaction between travel time (supply) and

Figure 2. Estimation of Auto/Transit Travel Times
under Congested Conditions
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traffic/passenger volume (demand), and variation in trip-making behaviors. Ideally, the paths that are actually being taken or are considered as valid alternatives
by the trip-maker should be identified and used in the calculation. In this research,
we made the following assumptions to limit the complexity of the analysis:
• All trip-makers, using either transit or auto, are assumed to prefer the path
that has the lowest weighted travel time, or the best path.
• The headways of transit routes in each service period are assumed constant
and the average passenger wait time is half of the service headway. For routes
with large service headway (e.g., more than 15 minutes), transit users could
time their arrival at the stop according to the published schedule and thus
experience a waiting time of less than half of the headway. However, from
the point of view of service availability, a passenger would still have to wait
for half of the headway on average before being able to use the service. A
certain portion of the waiting time, however, could be spent at home or
office if a schedule is followed.
• Access and egress times for auto users are negligible.
Auto Travel Time. Auto travelers usually have a choice of many alternative paths
to their destinations. For each path, the door-to-door auto travel time (TA) can
be obtained by summing up the time on all traveled links, which is given in the
following equation:
(10)

where:
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TAk(i, j, t)
		

equals auto travel time along path k from origin i to destination
j at time period t

a 		

is the link number for the auto-traveled path k

da(i, j, t)

shows distance of link a for the i-j trip at the time period t

SAa(i, j, t)
		

is average auto travel speed on link a for the i-j trip at time
period t, which depends on traffic volume of the link
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Since the access and egress times for auto travel are not taken into account, the
weighted door-to-door auto travel time (WTA) for a given trip i-j at time period
t can therefore be determined by identifying the path with the lowest weighted
auto in-vehicle travel time using a shortest path algorithm, that is
WTA(i,j,t) = Min[TAk(i,j,t)]

(11)

Because of the dependency of link travel speed on traffic volume, travel speeds
on individual links should be obtained either from field observations or a traffic
prediction model that simulates user-equilibrium (UE) traffic conditions (Sheffi
1984).
Transit Travel Time. Total door-to-door transit travel time for a given transit itinerary is determined by combining the different travel time components as follows:
(12)

(13)

(14)

(15)
where:
TT(i, j, t)
		

is door-to-door transit travel time from origin i to destination j
at time period t

TTL(i, j, t)
		

represents transit line-haul time from origin i to destination j at
time period t

TTWk(i, j, t)
		
		

equals total walk time for transit mode from origin i to
destination j at time period t, including access time, egress time,
and transfer walk time, if applicable
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TT Wt (i, j, t)
		
		

is total wait time for transit mode from origin i to destination
j at time period t, including initial wait time and transfer wait
time, if applicable

b 		

equals the link number for the transit itinerary

db (i,j,t)

represents distance of link b for trip i-j at time period t

STb (i,j,t)

shows transit travel speed on link b for the i-j trip at time period t

dAs (i,j,t), dEs (i,j,t), dTs (i,j,t) is the distance for access link(s), egress link(s),
and transfer link(s) respectively for trip i-j at
time period t
SW

equals walking speed (e.g., 5 km/h)

hm (i,j,t)

represents headway of transit route m for trip i-j at time period t

Tr

is the number of transit routes required for trip i-j at time period t

The weighted door-to-door transit travel time from origin i to destination j at the
tth time period, WTT(i,j,t), can then be obtained by multiplying the weighting factors to the corresponding travel time components.
WTT (i,j,t) = f Wk * TT Wk (i,j,t) + f Wt * TT Wt (i,j,t) + f L * TTL (i,j,t)

(16)

where:
f Wk ,f Wt ,f L
		

equals weighting factors for walk time, wait time, and line-haul
time, respectively

Finding the best path in a transit network could become more complicated than
in a road network, because passengers are more likely to make adaptive decisions
on which route to take at the starting or transferring point, depending on the time
they arrive at the stop and the availability of transit service after their arrival. The
shortest path algorithm can be used to find the best path from the multiple paths;
however, it assumes that only one fixed transit line will be chosen, which is not a
realistic representation as pointed by Spiess and Florian (1989). They proposed a
new methodology called Optimal Strategy Method (OSM), which models that
passengers may board different routes at the same stop to reach the destination.
Due to its more reasonable assumption, OSM has been made available in many
transportation planning software packages, such as EMME/2 (INRO Consultants)
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and TransCAD (Caliper Corporation). In the following analysis, we also use OSM
to determine the weighted transit travel time.
A number of studies have been conducted to quantify the differences in passengers’ perceptions on different travel time components. Generally, it has been
suggested that “out-of-vehicle time,” which includes wait time, transfer time,
and walk time, is at least twice as important as “in-vehicle time” (Quarmby 1967;
Shunk and Bouchard 1970; Schultz 1991). As summarized by Pratt (2000), weighting factors for transit travel time vary by location and trip purposes, and therefore
should be determined on the basis of local conditions. Also, the concept of travel
time weighting factors are closely related to the concept of utility functions used
in logit mode choice modeling from which the values for the weighting factors can
be directly obtained (Hensher et al. 2004).

Computational Procedure
The proposed quality-of-service evaluation method requires extensive input data
and processing, and is therefore best done through a computer program. This section describes the steps involved in determining the TSI for a given travel corridor.
(Note that similar steps are involved for different analysis scopes such as a given
area or a city.) This procedure has been implemented and tested using TransCAD
with the steps outlined below.
Step 0: Prepare Input Data
This step prepares all the data required for TSI analysis, including:
Street Network Data. A street network consists of a set of nodes and links. Nodes
are identified by longitude and latitude coordinates, while links are associated
with a number of attributes, such as length, speed limit, transit speed, and walk
speed. The speed that a transit vehicle will operate on a street is also stored as a
link attribute. Since transit speed depends not only on the street condition and
traffic congestion, but also on the stop spacing and location (online or offline), fare
collection, and passenger demand, it is therefore quite complicated to decide the
transit speed. The TCQSM recommends that the best way to obtain transit speeds
is to measure them in the field directly. For an existing transit system, we can also
check the transit schedules to determine the average speed assumed in transit
planning. Walking speed is usually assumed to be 5 km/hour. To predict travel
time under congested conditions, travel time functions associated with individual
links must also be provided. For example, if the commonly used Bureau of Public
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Roads (BPR) travel time function is used, the associated parameters need to be
specified for each type of link.
Transit Network Data. Transit network data include attributes on transit routes
and stops. All the stops, including terminals (or stations), time points, and regular
stops, should be prepared. Transit routes are usually built upon the underlying street
network with route segments associated with road network links and stops located
at nodes or links. Associated with each transit route are attributes, including route
ID, route headway, route weight (used to distinguish local bus from express bus),
etc. Transit stops are identified by longitude and latitude, a milepost to indicate the
route direction, and a route ID that provides a reference between stops and routes.
Further, service for different time periods could be managed separately using different datasets. These data may be obtained from the local transit agency.
Weighting Factors for Travel Time Components. Weighting factors can usually be
determined by planners based on local conditions or results from other studies.
Demographic and Employment Profile. To identify the activity areas associated
with a transit system, both demographic and employment data on a zonal basis
are needed. These data are usually available from the local transportation planning
department, including zonal boundary information, centroids, population and
household data, employment data, etc.
Travel Demand Data. The O-D matrices of auto trips and transit trips for each
analysis period should be obtained. Most transportation planning departments only
have peak-hour auto and transit O-D travel demand. Travel demand in other time
periods could be obtained using typical hourly traffic variation factors or through a
specific demand estimation process (Institute of Traffic Engineers 1992).
Step 1: Identify Activity Areas Along the Travel Corridor under
Evaluation
This step identifies areas that have high population and employment density and
that contribute significantly to the traffic along the corridor. An activity area can
consist of a single TAZ or a combination of several TAZs.
Step 2: Generate Trip Ends (origins and destinations)
A set of trip ends is randomly generated on the basis of area characteristics (e.g.,
for trip origins, residential density could be used). The minimum number of trip
ends that needs to be generated depends mainly on the size of the activity areas.
A minimum of 30 trips or 5 to 6 trip ends in each area is recommended.
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Step 3: Connect Trip Ends with the Street Network
The randomly generated trip ends are then connected to the street network by
linking them to the closest nodes. This is necessary for a computer program to
search for the shortest paths between the trip ends. To make the representation
more realistic, two connectors for each trip end could be used. Figure 3 gives an
example of randomly generated trip ends and their connections to the network.

Figure 3. Example of Random Trip Ends and Connections
Step 4: Perform Traffic Assignment
Use a user equilibrium method to assign total auto travel demand to the street
network, which will yield traffic volume and auto travel time on each link. The
auto travel time field in the street network database can then be updated with
the equilibrium travel time.
Step 5: Calculate WTA
Use a shortest path algorithm to calculate the auto travel time for each trip. In
TransCAD, we can use the Network/Paths/Multiple Paths function to calculate
the shortest auto travel times between multiple points automatically.
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Step 6: Calculate WTT
This step determines the transit travel time for each trip based on the Optimal
Strategy Method described previously. TransCAD’s Transit/Multiple Paths function calculates the weighted door-to-door transit travel times among multiple
points.
Step 7: Calculate TSI
With WTA and WTT, we can calculate the TSI along the travel corridor using
Equations (1–3).

Sensitivity Analysis
A key indicator for evaluating the suitability of a LOS measure for a transit system
is its sensitivity to policy and design variables, such as headway, service hours,
and spatial coverage. This section describes a sensitivity analysis of the proposed
TSI by applying it to a realistic travel corridor under a set of hypothetical service
design options. As shown in Figure 4, the travel corridor selected for this analysis
was extracted from the Region of Waterloo, Ontario, consisting of three activity
centers: Kitchener Transportation Center (KTC), Kitchener South West Residential area (KSWR), and KSWR_CBD, where KSWR_CBD is a subarea of KSWR and
is introduced for the purpose of evaluating the impacts of spatial coverage. To
control the scope of the analysis, only one route was considered (Route #2), which
connects the three activity centers. The headway for this route is 30 minutes in
AM peak period, midday, and PM peak period, and 45 minutes in the evening
period (The Region of Waterloo 2004).
Sensitivity to Spatial Availability of Transit Service
To evaluate the sensitivity of the proposed TSI to the spatial coverage of a transit
system, we compare two travel corridors: KTC-KSWR and KTC-KSWR_CBD, as
shown in Figure 4. The figure also shows the area that is covered by transit service
using 400 meters as the reasonable walking distance from transit stops. Based on
the LOS evaluation method suggested by the TCQSM, transit coverage for KSWR_
CBD is almost the same as KSWR, while it is clear that trips ending at KSWR_CBD
have a much better distance coverage than trips ending at KSWR. The proposed
TSI takes into account detailed spatial distribution of trip ends and can thus reveal
such subtle difference. Figure 5 shows the TSI values of the two scenarios for the
PM peak and evening period under free-flow traffic conditions (i.e., traffic congestion is not considered in estimating auto and transit travel times). As shown, the
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Figure 4. A Travel Corridor for Sensitivity Analysis (Route #2)

Figure 5. Sensitivity to Spatial Availability

63

Journal of Public Transportation, Vol. 10, No. 3, 2007

TSI value of the KSWR_CBD area is about 7 percent higher than the TSI of the
larger area—KSWR for both peak and off-peak periods, due to a better service
coverage in the CBD area.
Sensitivity to Temporal Availability of Transit Service
As described previously, the travel corridor is served by the transit route with a
headway of 30 minutes in PM peak period and 45 minutes in the evening. As a
result, a comparison of TSI between these time periods can reveal the sensitivity
of the proposed TSI to temporal availability of transit service. Figure 6 shows the
TSI for the two assumed travel pairs in two different time periods (again under
free-flow traffic conditions). As expected, the higher the service frequency, the
higher the TSI value and the level of service. The difference in TSI value between
the PM PK period and the evening period is approximately 20 percent. This difference is not in proportion to the difference in the corresponding service frequency
(50%). One of the interpretations of this result could be that a reduction in service
frequency would not translate to the same amount of reduction in the quality of
transit service.

Figure 6. Sensitivity to Service Frequnecy
Sensitivity to Travel Demand Variation
The daily TSI defined in this research takes into account travel demand variation
over time. As a result, different travel demand distributions would result in different TSI values under the same transit service, which would otherwise not be
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revealed using the existing LOS approach. To evaluate this relationship, we created three variations of travel demand on the travel corridor (Figure 7): 1 constant
demand, normal demand variation, and high demand variation. With the assumed
time-of-day demand variation, we can calculate the daily TSI of the corridor from
KTC to KSWR under the same transit service route and schedule.
The results in Figure 8 indicate that daily TSI is highly sensitive to temporal variation of travel demand. An approximate 14 percent difference in TSI was observed
between the constant demand case and high demand variation case. This suggests that the proposed TSI has the attribute of reflecting the degree of match (or

Figure 7. Time-of-Day Travel Demand Variation

Figure 8. Sensitivity to Travel Demand Variation
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mismatch) between demand and supply (service frequency). As a result, it may be
used to guide the allocation of resources (vehicles and service frequency) among
different service periods.
Sensitivity to Traffic Congestion
The proposed TSI considers the quality of travel by auto as a basis in defining the
quality of service of transit travel, and should therefore be dependent on traffic
congestion. To evaluate the dependency of TSI on traffic congestion, we investigated two scenarios. The first scenario considers free-flow traffic conditions; that
is, travel demand was not assigned to network when calculating auto/transit travel
time. In the second case, we first assigned auto travel demand to the road network
by user equilibrium method, and auto/transit travel times were then calculated.
Figure 9 shows the TSI for a travel corridor with and without considering traffic
congestion in two different time periods. As shown, the proposed TSI is quite
sensitive to traffic congestion. The higher the traffic congestion, the higher the TSI
value or the higher the quality of transit service as compared to auto travel.

Figure 9. Sensitivity to Traffic Congestion

Conclusions
This research introduced the Transit Service Indicator (TSI), a new performance
index that can be used as a comprehensive measure for evaluating the quality of
service of a transit system. Different from existing transit performance indices, the
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proposed TSI integrates a number of performance measures with vastly different
natures, such as service headway, service hours, route coverage, and various travel
time components (walk, wait, transfer, and ride). Furthermore, it recognizes the
need to account for the effects of both supply and demand with a LOS measure
that includes demand as a part of the equation. A sensitivity analysis on the
effects of service coverage, headway, demand distribution, and traffic congestion
has indicated that the proposed TSI is sensitive to various design and condition
variables and has the potential to be used as a replacement of or supplement to
some existing LOS measures.
This research is limited in the following aspects:
• The proposed TSI considers travel time as the dominant factor influencing
travelers’ views on transit quality of service. This assumption may not hold
in many complex travel environments. Other factors such as comfort level
in a transit vehicle, out-of-pocket costs, parking availability and costs, safety,
and reliability all could be important in users’ views on the quality of service
of a transit system. Future research should examine the possibility of using
generalized cost instead of weighted travel time to define the transit service
index.
• Based on the proposed TSI, the quality of transit service would improve
as highway congestion increases (even though the transit service remains
the same). Further investigation is required to examine the desirability of
such dependency. Also, applicability of other types of measures such time
difference and relative time difference should be investigated.
• The proposed analysis methodology requires some cumbersome calculation
and significant amount of data (e.g., road and transit network). Custom
programs that can be added to specific GIS tools should be developed to
automate the calculations.
• This research did not make any attempt to define LOS using the proposed
TSI. Future research should therefore explore the possibility of establishing
a mapping between TSI values and various LOS scales (A-F) that are used
in the TCQSM. This would require a clear definition of TSI values that represent acceptable or unacceptable services, which is only possible through
a survey of transit operators, planners, and passengers.
• Finally, this research could be further enhanced with a sensitivity analysis
that covers a wide range of case applications featuring different property
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sizes, operating environments, and system characteristics. Such an analysis
is necessary before the conclusions obtained in this study can be generalized.
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Abstract
Ridership is a key goal in the transit industry. Conventional transit analysis focuses
on two types of users—captive and choice riders—but rarely aims to understand the
preferences of non-transit riders. This research aims to better understand habits and
preferences—for both users and non-users of the transit system—as they relate to the
transit market in the Twin Cities metropolitan area. Our research first articulates different broad market segments commonly considered in transit research and follows
by describing how specific features of transit service characteristics may play out in
influencing demand. We describe the source of two surveys analyzed in this application, one for existing transit users and a separate one for non-users. Our analysis
approach employs factor and cluster analysis to shed light on preference and other
characteristics for eight different segments of transit users or potential transit users.
The discussion section and conclusions highlight the findings and prescribe relevant
policy recommendations.

Introduction
In 2000, Metro Transit, the largest local transit provider for the Twin Cities metropolitan area, served more than 73,000,000 unlinked passenger trips. Three years
later, this number dwindled to 67,000,000 unlinked passenger trips, representing
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a decline in demand for public transit use unique among major transit agencies
across the country. From the perspective of the Metro Transit, matters turned
upward in 2005 with the opening of the Hiawatha Light Rail. Overall, transit ridership increased 30 percent relative to 2004 (due in large part to the light rail). The
question remains, however, whether such fluctuations were merely a reflection of
new service or if there were markets of potential transit users who previously had
unmet needs?
Like many metropolitan areas, Metro Transit faces the challenge of serving a
diverse population in the Twin Cities, including those with widely varying habits
and preferences for transit services. This analysis aims to better understand such
habits and preferences—for both users and non-users of the transit system—as
they relate to the transit market in the Twin Cities metropolitan area. Our
research first articulates different broad market segments commonly considered
in transit research and follows by describing how specific features of transit service
characteristics may play out in influencing demand. We describe the source of two
surveys analyzed in this application, one for existing transit users and a separate
one for non-users. Our analysis approach employs factor and cluster analysis to
shed light on preference and other characteristics for eight different segments
of transit users or potential transit users. The discussion section and conclusions
highlight the findings and prescribe relevant policy recommendations.

Defining Populations
Captive and Choice Users
Transit research and analysis commonly delineates two types of users: captive
and choice riders. The American Public Transportation Authority defines captive
riders as those “who do not have a private vehicle available or cannot drive (for
any reason) and who must use transit to make a desired trip” (American Public
Transportation Association 2003). Captive users rely mainly on transit as their
main mode of transportation (at least for certain destinations, e.g., work); choice
users (also referred to as discretionary riders) have alternative modes to use to
reach varied destinations, yet for certain purposes, they prefer to use transit (Jin,
Beimborn and Greenwald 2005). For some transit systems in the United States
that provide a variety of reliable services, choice riders outweigh captive riders
in terms of magnitude. The Chicago Transit Authority (CTA) reports that more
than two-thirds of its riders were choice (Chicago Transit Authority 2001); the Tri72
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County Metropolitan District of Oregon (TriMet) in Portland claims their choice
users amount to three-quarters of their ridership.
The differences between the two populations are often distinct, particularly from
a socio-demographic perspective. The literature often associates transit captive
riders with characteristics such as being low income, elderly or children, having
disabilities, families whose travel needs cannot be met through car use, and those
who chose not to own or use personal transportation (Polzin, Chu and Rey 2000).
Choice riders demonstrate greater variability in their composition. A key outcome
in such deliberations, however, is that losses in transit ridership are often attributed to choice riders. This assumption is based on the notion that choice riders
are more sensitive to issues such as fare and service quality than captive riders (Jin,
Beimborn and Greenwald 2005). Choice riders are more sensitive to potentially
negative transit changes because they have alternative mobility options available
to them. Furthermore, changes in the captive riders are mainly related to a change
in their captivity status—for example, acquiring a vehicle or change in income so
they can afford the cost of making a trip with another mode.
Potential Users and Auto Captives
The above descriptions, choice and captive, apply only to users of the transit
system; they say nothing about non-users. For example, a survey conducted after
the opening of the Orange Line in Chicago, part of the CTA rail service, revealed
that 25 percent of the users of this line were new to transit. Analysis of survey data
determined this population was largely represented by former automobile commuters and/or those who took new trips for which the automobile was available
(LaBelle and Stuart 1996). In some environments, this suggests there may be a
latent demand for new transit users—a common unknown in the transit industry.
Unfortunately, there remains little research uncovering characteristics of the
non-transit using population. Some transit systems have administered surveys
to non-user populations. Other published efforts that aim to glean information
about non-users tend to be extremely specific to specific transit services (e.g., the
Carolinian passenger train) or are too broad in their application to understanding
the influence of specific transit characteristics (e.g., the PRIZM application dividing households into 62 basic neighborhood types based on social rank, household composition, mobility, ethnicity, urbanization, and housing) (Elmore-Yalch
1998).
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The transit literature needs a strategy to parsimoniously understand the variety of
preference characteristics among non-users. Similar to the above classification of
captive versus choice riders, non transit users may be considered as two distinct
populations: potential riders and auto captives. Potential riders would include
those not currently using transit for a variety of reasons and/or concerns but may
consider the idea of using transit, given specific conditions (e.g., a known trip from
home to the doctor’s office). New transit users would be derived from the potential rider population. Auto captives, on the other hand, are exclusively auto users
who either would not realistically consider using transit or fail to have transit as
an available mode. Given the automobile dominated society in most of the U.S.,
this leaves most transit agencies trying to attract use from the former population: potential riders. In particular, it is important to uncover the factors that help
motivate a potential rider to become a choice rider.
Commuter Frequency
An additional issue important to consider relates to the regularity in which users
may employ transit services. For example, Siddall, Pitstick and Allen (2006) used
the frequency of using transit service to better understand the transit market in
Chicago. Regular commuters include workers and/or students that regularly travel
to the same destination on regular basis. Such users are generally more aware of
the mean and variance in travel time. A second population would include irregular
commuters (or other travelers) with less frequent or more irregular travel patterns. Similarly, non-riders can be divided into the similarly-natured groups as
regular and irregular commuters.

Factors Affecting the Demand for Transit
Several factors influence anyone’s decision to use transit versus other modes—a
topic well covered in the literature. Here, we briefly review some of the prominent
factors influencing transit ridership. Traditionally, researchers refer to the myriad
costs of using transit—costs related to fares, time, inconveniences, etc. The Transit
Capacity and Quality of Service Manual (TCQSM) (Kittelson & Associates 2003)
provides a comprehensive approach for understanding the transit trip decision
making processes. We more fully describe some of the predominant factors/costs,
particularly as they relate to the survey data we analyze in this application.
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• Service frequency: Factors related to the spatial and temporal availability of
service at both ends of the trip (Kittelson & Associates 2003) and, of course,
the presence or absence of transit service near origin and destinations are
major factors in any decision (Murray 2001). Passengers value their waiting
time the most, at a level two to three times that of in-vehicle-time (Mohring,
Schroeter and Wiboonchutikula 1987). It is also reported that ridership is
expected to increase by 0.5 percent in response to each 1 percent of service
increase (Evans 2004). Accordingly, any changes in the above-mentioned factors are expected either to increase or decrease the demand for transit.
• Access and egress: Much research also relates ridership to access; the more
accessible the bus stops, the higher the use (Hsiao et al. 1997; Polzin, Pendyala and Navari 2002). This might not always be the case, however, since
ridership depends on additional variables such as service variability and /or
socio-demographic information. The variability and frequency of service represent two basic factors that affect demand at a stop. Several studies suggest
contradictory outputs regarding the elasticity of demand for transit. Some
research indicates that decreases in run time of a route increases passenger
demand more than other variables (Rodriguez and Ardila 2002; Lago, Mayworm and McEnroe 1981). However, such conclusions are mostly based on
captive riders. Other studies indicate, as mentioned above, that passengers
are more sensitive to out-of-vehicle time (Kemp 1973; Pushkarev and Zupan
1977; Lago and Mayworm 1981; Mohring, Schroeter and Wiboonchutikula
1987). Two comprehensive studies regarding the elasticity of demand with
respect to fare found that demand for transit service is relatively inelastic
when it comes to changes in price (Goodwin 1992; Oum, Waters II and Yong
1992). Meanwhile others found the value associated to time is higher than
the fare (Mohring, Schroeter and Wiboonchutikula 1987).
• Time and cost: Domencich, Kraft and Valette (1968) estimate the elasticities
of demand for public transit in relation to all aspects of time and cost. They
found that passenger demand will decrease by 3.9 percent for a 10 percent
increase in travel time, while demand will decrease by 7 percent for each
10 percent increase in access, egress, and waiting time. These findings were
reported and validated later by Kraft and Domencich (1972) and O’Sullivan
(2000). Although this application combines both wait time and access into
one category, the study is notable in its focused attention to this topic.
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• Other users: It is also important to note that transit demand can be related
to the number of potential users along a route. Levinson (1985) developed
a model to forecast ridership along bus transit routes. He used the following factors: population, employment, travel time, car ownership, walking
distance to bus stops, and demand elasticity factors. The virtue of this study
is that it provides a reasonable approach to understanding the demand for
transit. His model implies the idea that transit riders are captive or not;
he, therefore, includes variables such as travel time (to pick up preferences
for choice riders) and demographic variables (to pick up characteristics of
non-choice riders).
Generalizing the findings from the above summary is difficult; however, predominant themes can be used as indicators for expected changes in passenger demand
due to potential improvements in the current transit service. Both captive and
choice riders are affected by changes in service. Choice riders tend to be more
sensitive since they have an alternative to not use the system given decreases in
the level of service. (Jin, Beimborn and Greenwald 2005). Potential riders can be
attracted by improvements in the levels of service and decline in both in-vehicle
and out of vehicle time. In terms of regularity of commuting, it is important to
note that regular transit users are more sensitive to service reliability and its status.
Meanwhile irregular commuters tend to be more sensitive to information (maps
and schedules) and availability of service.

Data
Our analysis is based on data collected for Metro Transit in the form of two different surveys, one of current users in 2001 and a separate survey of non-users
in 1999i. The survey of transit users, totaling 4,408 observations, contained 83
questions covering a variety of topics including the trip origin and destination,
rider satisfaction, and concerns about the system, in additional to standard sociodemographics and years as transit users. Detailed issues from the survey included
questions related to riders’ perception of safety, cleanliness of the service, drivers’
attitudes, customer support services, transit service reliability and on-time performance, and a set of socio-demographic indicators.
The non-rider survey was conducted through random digit dial phone interviews
across the Twin Cities metropolitan area. The first question was, “Are you currently
a Metro Transit user?” A “yes” response terminated the interview; a “no” response
prompted the interviewer to proceed with the remaining set of questions. A total
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of 500 phone interviews were conducted in November and December of 1999.
Each interview contained 138 questions oriented to non-riders, covering a variety
of topics including reasons not using transit, perceptions of safety and comfort of
using transit, concerns related to drivers attitude, concerns related to amenities,
concerns related to the commute characteristics, concerns of service reliability
if using transit is an option, the level of attractiveness of the current service, and
various socio-demographic and economic characteristics.
Two filters helped further establish criteria for the data we ultimately analyzed.
Because we were primarily interested in perceptions of the different aspects of
transit service, we focused on questions from the surveys directly related to these
phenomena or relevant socio-demographic information. Second, squarely satisfying criteria for usable data based on our analysis approach (described below)
required that the data be interval in nature. The two filters precluded us from
using all data from all surveys. Several responses from both surveys were not interval data and therefore not compatible with the analysis methodology; hence, they
were not incorporated into the analysis. Nonetheless, combined, the data satisfying our criteria represent extremely rich surveys which, after critical analysis, yield
useful information to help better understand the transit markets.

Analysis Approach
Our analytical approach employed statistical procedures to uncover separate
characteristics of the user versus non-user populations. We first used principal
component factor analysis to learn how each of our measures (responses to questions) initially relates to one another. Factor analysis extracts a small number of
fundamental dimensions (factors) from a larger set of intercorrelated variables
measuring various aspects of those dimensions. It is used to study the patterns and
relationships among many variables with the goal of discovering something about
the nature of the measured variables that affect them. By doing so, we are able to
better understand how specific elements within one dimension (e.g., waiting time
for the next bus) relate to outcomes in another dimension (e.g., drivers’ behavior),
thereby capturing possible interdependencies (Maruyama 1998). While factor
analysis is widely used in social science research, to our knowledge it has limited
use in the transit literature. Of the few studies uncovered, Syed and Khan (2000)
identified key factors that serve as determinants of public transit ridership from
attitude survey responses in 1995. Another study by Outwater et al. (2003) used
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a similar technique to uncover the characteristics of ferry riders in San Francisco
area.
Using the factor analysis as the basis for the “reduced-form” data, the second step
in our analysis employs k-means cluster analysis. Cluster analysis is a data analysis
tool to sort different objects (in this case, a reduced form version of the responses
to the survey questions) into groups in a way that the degree of association
between two objects is maximal if they belong to the same group and minimal
otherwise. The aim is to determine how each of the factors combine to represent
different taxonomies of groups of both transit users as well as for non-users. In
general, when one needs to classify a mountain of information into manageable,
meaningful groups—our aim in analyzing both of these transit-related surveys—
factor analysis and cluster analysis proves to be a valuable strategy. The below
text is divided into two parts; the first focuses on results from the user survey, the
second on the non-user survey.

User Characteristics
We used responses from 33 questions to in the factor analysis for the users. The
analysis revealed eight factors with eigenvalues greater than 1 and, after inspection, we decided to retain all eight values. The results of the factor loadings are displayed in Table 1 and the variables are listed in order of the size of their factor loadings (i.e., coefficients). Within each of the eight blocks of variables, the high values
(above about 0.5 in absolute value, indicated in bold) are all in a single column. A
separate column represents each of the eight blocks (aka factors). Cumulatively,
these eight factors explain almost 62 percent of overall variation in the data. After
inspecting the contributing variables to each factor loading, we assigned labels to
each of the eight factors as indicated below in bold:
1. derived from five measures assessing the driver’s attitude,
2. a variety of questions related to customer service,
3. factors related to the specific type of transit service,
4. how users value issues of reliability and confidence in service,
5. variables related to household income and how the user values time,
6. concerns about cleanliness and comfort,
7. concerns about safety, and
8. other personal characteristics.
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Having identified how each of the responses relate to one other, iterative cluster
analysis identifies groupings of riders with similar concerns related to characteristics or preferences of the transit service. The clustering process uses the K-means
statistical routine and these groupings are referred to as rider’s type (captive
and/or choice). An important issue to address up front is the most appropriate
number of clusters to accommodate the full range of known types of riders. A
combination of four factors ultimately guided our decision: (a) statistical output,
(b) the manner in which the output is transferable for transit policy, (c) lessons
from past research efforts, and (d) common sense and intuition. Since the prevailing literature suggests two types of riders, choice and captive, we started with two
clusters.
The output using two clusters was dominated by the personal factor, which had
the lowest loading in the factor analysis. Accordingly, we sought greater variation
in our ability to surmise about more than two groups. The values for a four-cluster
solution are presented numerically in Table 2. Examining the defining characteristics and preferences of each cluster reveals four distinct populations that are
also consistent with predominant themes from the literature that was generally
discussed earlier in the manuscript related to market segmentation (Jin, Beimborn
and Greenwald 2005; Siddall, Pitstick and Allen 2006). The groups not only split
between choice and captive users, but also account for preferences that often
distinguish between regular and irregular commuting habits.

Table 2. Values of Cluster Centers
Choice Riders
Regular
Irregular
Driver’s Attitude
Customer Service
Type of Service
Reliability
Income and Value of Time
Comfort
Safety
Personal

-0.14
0.44
0.35
0.18
0.73	
0.34
0.21	
0.39

0.22	
-0.38
-0.60
-0.10
0.48
0.25
-0.56
-0.77

Captive Riders
Irregular
Regular
0.17
0.01	
0.24
-0.31	
-0.15
-1.50
0.10
-0.01	

-0.13
-0.21
-0.09
0.09
-1.15
0.44
0.15
0.18
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The height and direction of each bar in Figure 1 graphically presents the value of
the cluster center for each of the previously defined eight factors. A first observation of our analysis is that captive riders comprise 46 percent, while choice riders
represent 54 percent, of the surveyed population. On a more detailed level, several
defining characteristics stand out. Regular choice riders (32 percent of the sample)
are affected by all the factors except for driver’s attitude. Within the transit industry, it is known that drivers change routes every three to four months and are given
the choice to change the time of their operation and the route they serve. For a
regular user, we would, therefore, expect the impact of the driver’s attitude to
have minimal importance compared to other factors. Reliability, income and value
of time, customer service, and type of service have the greatest effect on regular
choice riders. Irregular choice riders (22 percent) are those who tend to choose
transit as an alternative to other modes. They care about the driver’s attitude, are
searching more for comfort in the trip, and value their time more than captive
riders. In addition, the high negative ranking on the personal factor suggests they
are more irregular transit users.
Figure 1 also shows the division of captive riders into regular and irregular commuters. Captive irregular riders tend to use transit occasionally and do not have
other alternatives. The factors affecting them are the driver’s attitude, type of

Figure 1. Cluster Analysis for Riders
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service, customer support, and safety. Finally, the fourth type of riders are coined
regular captive. Regular captive riders are those who do not have any other option
but transit. Since they are regular users, they do care about reliability of the service,
bus comfort, and safety. The personal factor indicates they are regular users of the
service.

Non-User Characteristics
Our analysis of non-users relied on a similar approach to that described above, but
for a distinctly different set of variables. We analyzed a total of 36 questions from
the non-rider survey, and the factor analysis suggests 11 different factors, all with
eigenvalues greater than 1. Table 3 lists the variables in order of the size of their
factor loadings (i.e., coefficients), shown for each of 11 different blocks of variables
(aka factors), representing:
(1) matters related to safety and comfort,
(2) issues surrounding the driver’s attitude,
(3) various levels of service amenities and special requests,
(4) characteristics of their typical commute,
(5) how important matters of reliability might be,
(6) attributes of the location and type of transit service,
(7) service attractiveness,
(8) how matters of travel cost factor into their commute,
(9) the presence of children to care for,
(10) travel time, and
(11) personal characteristics.
High values (above about 0.5 in absolute value, indicated in bold in the table) are
all in a single column. Cumulatively, the 11 factors extracted explain almost 71
percent of overall variation in the data.
Relying on iterative cluster analysis, we uncovered four distinct clusters among the
non-user population. Again, we thought it was prudent to separate the population for auto captives among four groups: those who have an irregular commute
pattern, those with regular commute patterns, potential riders with regular commute patterns, and potential riders with irregular commute patterns. The values
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of the cluster centers for each type of non-rider are presented numerically in Table
4 and graphically in Figure 2. Auto captives represent 47 percent, while potential
riders represent 53 percent of the surveyed population.
Table 4. Cluster Centers for Non-users
Auto Captives
Irregular
Regular
Safety and Comfort
-0.38
Driver’s Attitude
-0.47
Amenities and Special Request
-0.12	
Commute Characteristics
-0.82	
Reliability	1.20
Location and Type of Service
-0.07
Service Attractiveness
-0.21	
Travel Cost
6.29
Children	1.14
Travel Time
-0.07
Personal	1.45

-0.31	
-0.03	
-0.20
0.15
-0.02	
0.16
-0.41	
-0.18
0.10
0.07
0.50

Potential Riders
Irregular Regular
-0.07
0.25
-0.25
-0.39
-0.20
-0.02	
0.31	
0.13	
-0.57
0.57
-0.84

Figure 2. Non-rider Cluster Analysis
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0.59
-0.13
0.55
0.13
0.14
-0.23
0.41
-0.16
0.27
-0.60
-0.16
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Auto captives are the type of commuters unwilling to change their travel mode
to use transit. For example, both regular and irregular commuters who are auto
captives answered positively for the questions stating “People like me do not ride
transit” and negatively to “How appealing, overall, is the idea of using the bus?” The
primary concerns for irregular auto captives are driving children to school and/or
daycare, reliability of service, and travel cost (cost of traveling with transit and
amount paid for parking fees at their destinations). Irregular auto captive commuters represent only 1 percent of the surveyed population. Regular commuters,
whom we consider auto captives, represent 46 percent of the surveyed population. They tend to have similar concerns as irregular commuters in term of driving
children to schools, but their primary concern is the characteristics of the commute (they tend to travel further distances than irregular commuters). Additional
issues are the location and type of service provided (how far the stops are from
their origins and destinations and the frequency of service), and travel time.
Potential riders are mainly commuters who answered negatively to the question
“People like me do not ride transit” and positively to “How appealing, overall, is
the idea of using the bus?” Potential riders are commuters willing to change their
commuting behavior in case some specifications are present in the current transit
service (service attractiveness factor). They can also be classified into two categories, regular and irregular commuters based on the definition of the literature of
regular and irregular transit commuters and the factors affecting each group.
Irregular commuters, whom we classify as potential riders, are mainly concerned
with the driver’s attitude, the cost of the service, and travel time. Regular potential
riders gravitate towards safety and comfort of the service and amenities related
to the service and some special requests (special requests include the availability
of high frequency services during peak and off peak for emergencies and the
availability of shuttle vans at work locations to shopping areas). Other concerns
include commute characteristics, reliability of service, and dropping children to
daycares and schools as part of their commute. Irregular potential riders compose
25 percent of the surveyed population, while regular potential riders compose 28
percent of the same population.

Discussion
Our analysis demonstrates how, using statistical analysis of different surveys, the
market for existing transit services can be divided into eight different types of com87
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muters with varying preferences. The crudest divide is between regular and irregular commuters; however, the analysis yields finer distinctions. Users of the system
can be divided into captive and choice riders, while non-users can be divided into
auto captives and potential riders. Figure 3 illustrates such segmentation.
There are notable similarities in the habits and preferences between choice riders (from the user analysis) and potential riders (from the non-user analysis). For
example, they prize reliability, travel time, type of service, and comfort. These
population segments do not represent the die hard users or those who likely
would not use transit. They represent a middle ground of potential users that transit agencies are very interested in targeting. We therefore label the area including
both choice riders and potential riders as the “area to market transit services”—the
segment of the transit market that an agency can either attract riders from or lose
riders to. Other types of travelers certainly exist but are not included in this analysis due to the small segment they would represent (e.g., bicyclers and walkers) and
the lack of appropriate data to analyze them.

Figure 3. Transit Market Segmentation
Irregular commuters, whom we consider choice and/or potential riders, are concerned with the driver’s attitude and travel time. Since regular commuters, whom
we consider potential and/or choice riders, have regular commuting habits, they
have different concerns. Their concerns stem from safety and comfort of the service provided, reliability of the transit service, the type of service, the amenities
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available nearby transit stations (including park and ride facilities), and some special requests in terms of service frequency and its type. Transit agencies strategically aiming to increase ridership should focus energies on the “population area to
market transit services.” Transit agencies considered to be more effective attract
choice riders from this zone.
Relative to other U.S. transit agencies, this analysis suggests Metro Transit’s riders
share of the population represented by this zone is limited. Comparing the percentages of captive and non-captives in the Twin Cities region to other metropolitan areas in the United States (where choice riders compose around 70-80 percent
of the entire ridership), Metro Transit could serve to attract more choice riders
(regular and irregular) by adding improvements in the system. Such improvements are wide ranging. They can include the type of service provide and/or the
characteristics of the region they are serving. Increasing the share of choice riders
in the “area to market transit services” can be achieved through both improvements in service coverage and reliability.

Conclusion
The overall objective of this research was to employ a market segmentation
approach that would parsimoniously uncover population groups that share similar habits and preferences toward travel generally and transit specifically. Rather
than basing any classification strictly on patterns of use, the approach employed
here classified riders and non-riders and examines their perspectives towards transit service. To do so, we analyzed two surveys that were administered by Metro
Transit, a user and a non-user survey.
In addition to mode captivity, we considered the regularity of commuting habits
to better understand the transit market. This is a slightly different strategy than
previously used in typical travel analysis. Our statistical analysis yielded users of the
system who were classified into four categories: captive riders with regular commuting habits, captive riders with irregular commuting habits, choice riders with
regular commuting habits, and choice riders with irregular commuting habits.
Similarly, we classified non-users in four categories: auto captives with regular
commuting habits, auto captives with irregular commuting habits, potential riders with regular commuting habits, and potential riders with irregular commuting
habits. The data analysis resulted in a number of factors explaining the preferences
and attitudes of users and non-users.
89

Journal of Public Transportation, Vol. 10, No. 3, 2007

Travel market segmentation is a unique way to understand the transit market,
and the eight types of populations who comprise the current and potential transit market yield a different perspective on an age-old phenomenon. Using available survey data, we quantified the size and preferences of different populations.
Understanding their attitudes and preferences is an important aspect of retaining
current riders and to attract new ones. Providing quality service that addresses the
needs of regular captive riders is important since they use the system daily. Auto
captives rely on their car as a primary transportation mode, likely because transit
service is not possible from their origin to destination. Understanding the preferences of the “area to market transit services” will likely prove most fruitful.
Recent technological advancements provide an opportunity to address several of
the attitudes and preferences identified herein. For example, installing cameras
inside buses will increase security and possibly reduce vandalism. Automating stop
announcements could help riders with disabilities or people unfamiliar with the
route. Encouraging the use of swipe cards could decrease travel time by reducing
delay during passenger boarding. A next arrival system that displays the time until
the arrival of the bus at stops is quickly becoming a common way to improve
customer satisfaction. Displaying next arrival time at a stop might help users to
choose different routes if the waiting time is too long. Off-line analysis of the
existing system in terms of reliability can lead to major improvements in service
performance and, accordingly, rider satisfaction, which might lead to an increase
in ridership. Such monitoring and analysis of the current service can be used as a
decision support system to inform modifications in the existing system that may
better address reliability issues.
This analysis suggests that the percentage of choice transit riders in the Twin Cities
is low relative to other U.S. transit agencies. However, there is ample opportunity
for Metro Transit to increase the number of choice riders using their system
through attracting potential riders who represent the majority of the non-user
population (around 53 percent). This research has shown that choice users exhibit
certain attitudes, some negative, towards transit and preferences for travel, often
auto-oriented. This research discovered trends between the two groups that,
when considered, could attract potential riders and influence choice riders to
become more regular commuters. It has also improved upon previous research by
parsimoniously segmenting the transit market differently than previous studies,
which tend to only concentrate on captive users.
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Endnote
i

The data were collected by an independent survey consulting firm, Periscope.
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Abstract
The national transit research program in the United States commands fewer resources
than research on other surface transportation modes. In real dollars, expenditures
on the national transit research program declined over the past six years. While the
Safe, Accountable, Flexible, and Efficient Transportation Equity Act of 2005 reverses
this trend by increasing transit research funding over the next five fiscal years, transit
research funding still lags aviation, highways, and railroads. The low priority assigned
transit research at the national level is also prevalent at the state, transit industry,
and university levels.
In an effort to focus resources on the transit industry’s most pressing needs, the Federal Transit Administration (FTA) has adopted a strategic transit research plan that
sets forth five goals: provide leadership, increase ridership, improve operating and
capital efficiency, improve safety and emergency preparedness, and protect the environment and promote energy independence. FTA charts strategies to achieve these
goals but must do so with most of its research budget earmarked to specific projects.
Technology issues dominate the national transit research program.

Introduction
The Safe, Accountable, Flexible, and Efficient Transportation Equity Act of 2005
(SAFETEA-LU) set two new milestones: it was the largest surface transportation
bill ever, and it contained more earmarked projects than any of its predecessors.
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A less noticed feature of SAFETEA-LU was its reversal of the long-term decline in
federal support for transit research. Using an assessment method called benchmarking, a review of past appropriations and expenditures and transit research
action plans at the federal and state levels shows a declining fiscal effort toward
transit research, a strong emphasis on transit technology, especially electric-drive
buses, and the emergence of state-level transit research programs cooperatively
conducted by state departments of transportation and university-based transportation research centers.
Benchmarking is the process of establishing a position by measuring distances
from known locations. This surveying concept has many applications including
the analysis of research programs (Committee on Science, Engineering, and Public
Policy 1999). This article benchmarks transit research in the United States. The
methodology compares the resources and focus of transit research in the United
States to other modal research programs in the United States and the United Kingdom. The benchmark population includes the modal administrations of the U.S.
Department of Transportation (U.S. DOT), other federal departments, the American Public Transportation Association (represents the transit industry), state
departments of transportation, and the United Kingdom Department for Transport. While transit research occurs in organizations other than those included in
the benchmark population, the sample used in this study is sufficient to determine
the relative position of transit research compared to other transportation research
activities. Performance measures include expenditures on research, discretionary
spending on research, and research strategies, plans, and programs. This benchmarking report does not address the quality of research products.
Data Sources for the Benchmark Population
Principal data sources for this study include the U.S. DOT’s Research, Development, and Technology Plan (Volpe National Transportation System Center 2003);
research plans of the U.S. DOT’s modal administrations; published budgets of federal departments and departmental subdivisions; tables on earmarked expenditures developed by Wachs and Brach (2004); published transit research programs
of a sample of state departments of transportation; the California Department of
Transportation strategic research plan [Division of Research and Innovation (DRI)
2000]; the American Public Transportation Association strategic research plan
(APTA 2001); and the U.K. Department for Transport’s Evidence and Research
Strategy (DfT 2002).
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Differences in definitions and missions limit direct comparisons among all these
organizations. The modal administrations within the U.S. DOT constitute a good
benchmark population since all engage exclusively in applied research and expenditure and organizational data, and research definitions are reasonably consistent
across administrative boundaries. Some federal agencies outside the U.S. DOT with
applied research programs also constitute a relevant benchmark population such
as the Departments of Commerce, Housing and Urban Development, and Interior.
Research definitions and budget categories can vary within this population.
The three nonfederal agencies in the benchmark population view and classify
research differently than the FTA compelling use of qualitative rather than quantitative comparisons. APTA classifies studies whose intent is to influence federal
policy as research. The California Department of Transportation’s DRI does not
classify its research expenditures into the same categories as does the U.S. DOT.
The United Kingdom has a strategic transit research vision, although organizationally the U.K. Department for Transport differs substantially from the U.S. DOT and
publishes a programmatic rather than line-item budget.
Financial tables in this study can refer to budgeted amounts, appropriations, and
expenditures, depending on data availability. Budgeted amounts are monies listed
in enabling legislation such as SAFETEA-LU. Appropriations refer to monies Congress makes available to the executive branch for spending; expenditures refer to
monies actually spent by an agency. These values can be different.

Expenditures on National Transportation
and Transit Research Programs
While total outlays by the U.S. DOT are larger and growing more rapidly than
other federal departments in the benchmark population (Figure 1), research
expenditures lag the Department of Commerce, which has the smallest total budget of the four federal departments (Figure 2) but has two subunits, the National
Institute of Standards and Technology and the National Oceanographic and
Atmospheric Administration, with research missions. U.S. DOT spends more on
research than the Departments of Housing and Urban Development or Interior.
Note the annual variation in U.S. DOT research funding in Figure 2. After normalizing research expenditures to show fiscal effort, and ignoring the Department of
Commerce, which spends a large proportion of its funds on research due to its
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Figure 1. Total Outlays by Federal Department (FY 2004–2006)
Total Budget (thousands)
Department	2004	2005	2006
Transportation
Interior		
Commerce
Housing and Urban Development

$54,547,000
$14,526,118
$5,855,000
$35,112,000

$58,215,000
$16,124,330
$6,283,000
$35,446,000

$60,585,000
$14,957,928
$6,507,000
$30,443,000

Note: FY 2004 data report actual outlays; FY 2005 data report projected outlays; and FY
2006 data report requested outlays.
Source: Department of the Interior. www.doi.gov/budget/2006/06Hilites/A001.pdf. Accessed May 5, 2005, p. A-15. Department of Housing and Urban Development. www.hud.
gov/about/budget/fy06/fy06budget.pdf. Accessed April 29, 2005, p. 18. Department of Commerce. www.whitehouse.gov/omb/budget/fy2006/commerce.html. Accessed May 2, 2005.
Department of Transportation. http://www.dot.gov/bib2006/tables.html#db. Accessed May
2, 2005.
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Figure 2. Research Outlays by Federal Departments (FY 2004–2006)
Research Budgets (thousands)
Department	2004	2005	2006
Transportation
Interior
Commerce
Housing and Urban Development

$902,000
$945,001	
$3,097,000
$47,000

$1,731,000
$955,927
$3,304,000
$45,000

$1,256,000
$940,521
$3,093,000
$70,000

Note: All amounts refer to research outlays. FY 2004 data report actual outlays; FY 2005
data report projected outlays; and FY 2006 data report requested outlays. All budget items
with the term “research” in the title from the sources cited are included in the chart.
Source: Department of Commerce, www.whitehouse.gov/omb/budget/fy2006/commerce.html.
Accessed May 2, 2005. Includes NOAA and NIST research expenditures.
Department of Interior. www.doi.gov/budget/2006/06Hilites/A001.pdf. Accessed May
5, 2005, pp. A-2 (oil spill cleanup research), A-3 (USGS surveys & research). www.doi.
gov/budget/2005/05Hilites/A001.pdf. Accessed April 29, 2005, pp. A-2.
Department of Housing and Urban Development. www.hud.gov/about/budget/fy06/fy06budget.pdf. Accessed April 29 2005, p. 17.
Department of Transportation. www.whitehouse.gov/omb/budget/fy2006/pdf/appendix/
dot.pdf. Accessed May 2, 2005.
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two research units, Figure 3 indicates the Interior Department spends a higher
proportion of its budget on research than do the Departments of Transportation
and Housing and Urban Development combined.

Figure 3. Percentage of Federal Departmental Budgets
Expended on Research (FY 2004–2006)
Percentage of Budget Expended on Research
Department	2004	2005	2006
Transportation	1.65%	2.97%	2.07%
Interior
6.51%
5.93%
6.29%
Housing and Urban Development
0.13%
0.13%
0.23%
Source: Derived from Figures 1 and 2.

Figure 4 compares the budgets of U.S. DOT’s four modal administrations, the Federal Aviation Administration (FAA), the Federal Highway Administration (FHWA),
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the Federal Railroad Administration (FRA), and the Federal Transit Administration
(FTA). Highway-related research substantially exceeded the research budgets for
transit, aviation, and railroads. Highway research would be even more dominant if
expenditures by the National Highway Traffic Safety Administration and the Federal
Motor Carrier Safety Administration were included. Across all modes, research budgets in actual dollars declined or remained level between 2001 and 2003.

Figure 4. Research Budgets for Modal Administrations within U.S. DOT
(FY 2002–2004)
Fiscal Yeara
	2002b	2003c	2004c
Federal Highway Administration
Federal Railroad Administration
Federal Transit Administration
Federal Aviation Administration

$529,494
$65,408
$60,770
$370,303	

$524,403	
$55,717
$60,542	
$241,922	

$512,433
$62,684
$50,090
$221,859

a. All figures in thousands of dollars.
b. Appropriated amount.
c. Budgeted amount.
Source: Volpe National Transportation System Center. 2003. Research, development, and
technology plan, 5th ed. Department of Transportation, p. C-1.
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Figure 5 indicates that FTA concentrated its research activity in the area of technology, with less in research and development and no budget at all for facilities.
This contrasts with other modal administrations where research and development
played a dominant role.

Figure 5. Modal Administration Research Budgets by Type of Research
(FY 2002–2004)

Federal Highway Administration
Federal Railroad Administration
Federal Transit Administration
Federal Aviation Administration

Research and
Development

Technology

Facilitiesa

$920,803	
$91,584
$11,852	
$749,888

$645,527
$88,450
$159,550
$33,846

$0
$3,775
$0
$50,350

a. Appropriations and budget authorizations in thousands of dollars.
Source: Volpe National Transportation System Center. 2003. Research, development, and
technology plan, 5th ed. Department of Transportation, p. C-1.
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Again normalizing for fiscal effort, Figure 6 shows the FRA makes the greatest
research effort while FTA makes the least effort. Research effort declined in all the
modal administrations over the two years examined even though three of them
saw increases in their total budgets.

Figure 6. Percentage of Modal Administration Budget
Dedicated to Research (FY 2003–2004)
Total Budget by Fiscal Yeara (000s)
2003	2004
Federal Highway Administration
Federal Railroad Administration
Federal Transit Administration
Federal Aviation Administration

$31,805,000
$1,261,000
$8,241,000
$13,510,000

$34,764,000
$1,443,000
$7,266,000
$13,873,000

a. Refers to amount authorized (FY 2005) or amount appropriated (FY2004).
Source: Federal Highway Administration. http://www.dot.gov/bib2005/fhwa.pdf. Accessed May 6, 2005.
Federal Railroad Administration. http://www.dot.gov/bib2005/fra.pdf. Accessed May 6, 2005.
Federal Transit Administration. http://www.dot.gov/bib2005/fta.pdf. Accessed May 6, 2005
Federal Aviation Administration. http://www.dot.gov/bib2005/faa.pdf. Accessed May 6, 2005.
Research budgets are taken from Figure 4.
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A key consideration in assessing the national transit research program is determining the degree to which control over budget priorities lies within the agencies.
Wachs and Brach (2004) analyzed fiscal years 1992–2004 U.S. DOT modal administration research budgets to determine how much was earmarked to specific projects. Figure 7 summarizes their findings. FTA’s earmarked research activities were
far greater than the other two modal administrations. In some years earmarked
transit research projects represented more than 90 percent of FTA’s total research
budget. SAFETEA-LU continues the trend toward earmarking research funding
and expands it to other modal administrations; FHWA’s entire research budget
was earmarked (purpose and recipient) or designated for a particular purpose.
SAFETEA-LU reversed a long pattern of stable or declining surface transportation
research expenditures. Table 1 lists SAFETEA-LU authorized funding for each of
FTA’s research program categories. Not known at this time is the degree to which
FTA’s future research program will be determined by earmarked projects. In FY
2006 Congress provided funds above the FY 2006 authorized level so that FTA
would have some discretion within its research program. The numbers in parentheses in Table 1 indicate the amount of authorized spending that is earmarked.
The FY 2006 column shows authorized spending and appropriation earmarks
whereas FY 2007–FY 2009 reflect only authorization earmarks.
Table 1. FY 2006–2007 FTA Research Program Funding Levels
(in thousands)
Program

2006

2007

2008

2009

National research and technology
$54,900
$40,000
$44,600
$48,450
(amount earmarked)
(40,780)
(22,855)
(22,225)
(22,615)
Fuel cell bus technology development program	11,250	11,500	12,750	13,500
Transit Cooperative Research Program
9,000
9,300
9,600	10,000
University Transportation Centers
7,000
7,000
7,000
7,000
Total
$82,150
$67,800
$73,950
$78,950
Source: FTA. Actual funding in FY 2006 funding is subject to a 1 percent rescission. Amounts
in parentheses are earmarked funds and are included in the National Research and Technology
amounts.
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Figure 7. Percentage of U.S. DOT Modal Administration Research Budgets
Legislatively Earmarked to Named Projects

Year

Federal Transit		
Federal Aviation		 Federal Railroad
Administration		
Administration		 Administration
Appropriation Earmarked Appropriation % Earmarked Appropriation Earmarked

1992	34,511,000
1993	24,000,000
1994	26,175,000
1995	27,004,000
1996	22,000,000
1997	22,000,000
1998	36,750,000
1999	27,500,000
2000	29,500,000
2001	29,435,000
2002	31,500,000
2003	31,295,250
2004	35,290,550

57.40%	218,135,000
9.50%	22,331,000	16.00%
40.40%	230,000,000
6.90%	25,205,000	3.00%
45.80%	254,000,000
0.60%	20,613,000	2.00%
59.10%	259,192,000	1.20%	20,199,000
5.00%
79.50%	185,698,000
0.00%	24,081,000	23.00%
88.90%	187,412,000
4.00%	20,092,000
0.00%
70.30%	199,183,000	16.10%	20,755,000	1.00%
80.40%	150,000,000	27.10%	22,364,000
4.00%
89.30%	156,495,000	23.50%	22,464,000
4.00%
90.70%	187,000,000	15.60%	25,269,000	2.00%
45.50%	195,000,000	27.20%	29,000,000	11.00%
52.00%	148,450,000	24.80%	29,134,000
5.00%
72.80%	119,439,000	21.30%	33,824,000
7.00%

Source: Wachs, Martin, and Ann M. Brach. 2004. Earmarking in the U.S. Department of Transportation research programs. Prepared for 2005 Transportation Research Board Annual Meeting.
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University and Cooperative Transportation Research
In addition to directly sponsoring transportation research, U.S. DOT contributes
funds to the Transit Cooperative Research Program (TCRP), the National Cooperative Highway Research Program (NCHRP), the Airport Cooperative Research
Program (ACRP), and the University Transportation Centers (UTC) program.
The cooperative research programs are managed by the Transportation Research
Board (TRB), the unit of the National Academies responsible for the scientific and
engineering study of transportation, with the direct participation of the federal
modal agencies and governmental and private organizations.
The three cooperative research programs focus on the specific applied research
needs of individual modes using a peer-driven process to identify research priorities. Technical review panels assembled by TRB reduce problem statements
collected annually from state departments of transportation, transit operators,
industry groups, and researchers to a small set of high priority research topics. The
cooperative research programs issue requests for proposals with awards made
through a competitive review process.
Congress created the UTC program in 1987 to advance U.S. transportation expertise and technology transfer. The program has both educational and research
missions. Initially 10 centers were established, one in each federal region. By 2006,
the program had grown to include 60 UTCs, 20 of them selected competitively
and the other 40 named in the SAFETEA-LU legislation (Research and Innovative Technology Administration 2006). While several of the centers have transit
research elements, only one center, the University of South Florida, has transit as
its central focus. The UTC program is administered by the U.S. DOT’s Research and
Innovative Technology Administration (RITA). UTC grants require a dollar-fordollar match unless otherwise specified in legislation. Table 2 shows UTC funding
and the amount earmarked for fiscal years 2005 through 2009.
Table 3 shows past and authorized future funding for the cooperative transportation research and UTC programs. The TCRP program is the smallest of the cooperative research programs although SAFETEA-LU will put transit research funding
on a par with aviation research by FY 2009. NCHRP funding comes entirely from
the states using federal highway formula funds earmarked for research. FAA provides all the funding for the ACRP and FTA provides all the funding for the TCRP.
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Table 2. Authorized University Transportation Centers Funding
and Earmarks (FY 2005–2009; millions)
Fiscal Year
2005
2006
2007
2008
2009

Competitive

Earmarked

Total

$20
53a
53	
53	
53	

$20
30
30
30
32.25

$40
83
83
83
85.25

a

Source: By email from RITA.
Note: The universities receiving funding identified as competitive in FY05 and
FY06 had previously competed for UTC grants, and, because SAFETEA-LU
was not passed until late in FY05, were grandfathered in by the legislation
to continue to receive funding until recompetitions could take place during
FY06. Section 5101(a)(4) of SAFETEA-LU authorizes $69.7 million annually
from the Highway Trust Fund for the UTC program. Actual amounts are
reduced between 8 percent and 25 percent each year due to overobligation
of the Highway Trust Fund.

Table 3. Federal Funding of the UTCs and Cooperative Transportation
Research Programs (FY 1999–FY 2009; millions)
FY 99

00

01

02

03

04

05

06

07

08

09

TCRP
8.25 8.25 8.25 8.25 8.25 8.25 8.25
9.0
9.3	
9.6	10.0
NCHRPb	27.1	29.1	30.6	31.5	27.6	35.35	33.5	32.7	32.7	32.7	32.7
ACRPc
-	2.9	10.0	10.0	10.0	10.0
UTCd	32.5	32.5	32.5	32.5	32.5	32.5 40.0 50.5
50.5 50.5 85.25
a

Source: Transportation Research Board, Research and Innovative Technology Administration, and
Federal Transit Administration.
Note: Actual funding in some years was affected by across-the-board cuts. FY 06 funding is subject
to a 1 percent rescission.
a. Transit Cooperative Research Program.
b. National Cooperative Research Program.
c. Airport Cooperative Research Program.
d. University Transportation Centers Program.
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Strategic Transit Research in the United States
The national transit research program supports the mission of the U.S. DOT:
The national objectives of general welfare, economic growth and stability, and
the security of the United States require the development of transportation
policies and programs that contribute to providing fast, safe, efficient, and
convenient transportation at the lowest cost consistent with those and other
national objectives, including the efficient use and conservation of the resources
of the United States (U.S. DOT 2003).
Aligning FTA’s research program as well as those of the other modal administrations with the U.S. DOT’s mission focuses the department’s efforts on advancing
executive priorities. FTA periodically publishes a strategic research plan that
articulates its research program. The most recently adopted plan (FTA 2005) contains mission and vision statements as follows: “… deliver solutions that improve
public transportation” and make “… public transportation the mode of choice in
America.” The plan offers five goals:
1. Provide transit research leadership.
2. Increase transit ridership.
3. Improve capital and operating efficiencies.
4. Improve safety and emergency preparedness.
5. Protect the environment and promote energy independence.
The first goal, provide leadership in transit research, appears in FTA’s research plan
as a result of a recommendation made by an advisory panel convened by TRB to
assist FTA in preparing the plan (Townes 2006). This advisory panel, called the
Transit Research Advisory Committee (TRAC), consists of transit industry leaders, academicians, and user representatives. FTA exercises leadership in transit
research by directly funding research projects of importance to its mission, entering into partnership with public and private sector organizations, often accompanied by grants which leverage public money with contributions from these other
organizations, and through the agency’s power as a “convener”; that is, setting
research agendas by expressing interest in a topic and assembling researchers to
address it.
The second goal, increase transit ridership, is what the TRAC calls “high level,”
meaning FTA intends to focus research toward this end. The remaining goals—
energy independence, environmental protection, improved safety, emergency
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preparedness, and capital and operating efficiencies—suggest the criteria for identifying improvement.
The FTA strategic research plan identifies knowledge gaps, suggesting areas where
a need exists for additional research effort. With respect to increasing transit ridership, FTA acknowledges incomplete understanding of the determinants of transit
use, especially given the range of travel markets transit serves. A key issue in this
regard is whether a single transit system can serve all markets by providing good
coverage and frequent service or whether services will need to be tailored to the
specific requirements of individual market segments.
A comparison of FTA’s previous strategic research plan with the 2005 version
shows the evolution of the agency’s research philosophy. FTA’s transit research
vision in 1999 was “integrated transportation technology producing high quality
mobility in the 21st century.” The mission was “…to partner with the transportation industry in establishing preeminence in U.S. transit technology, institutions,
and customer service to increase the quality and level of services” (FTA 1999). The
1999 plan emphasized innovation in the transit industry with each sponsored
research project following a six-step development process leading toward implementation: research, testing, evaluation, deployment, architecture and standards,
and mainstreaming. The plan listed specific research topics itemized in a detailed
funding schedule with companion critical path charts, budgets for FY 2000, and
milestones spanning the five-year period between fiscal years 1999 and 2003. The
plan included many quantifiable performance measures such as “reduce bus and
light rail dwell times by 20 percent by FY 2002...,” and “increase by one percent per
year the urban population within ¾ mile of transit service….” FTA’s 2005 strategic
research plan contains none of this detail.
Around the world transit has been a popular and vulnerable target for terrorism.
FTA treats this topic under its goal of increasing transit safety and emergency
preparedness. The plan states that FTA will work with the Department of Homeland Security and the Transportation Security Administration to address transit
security issues.
Strategic Surface Transportation Research in the United States
When comparing FTA’s 2005 strategic research plan with those of the other surface transportation modal administrations (FRA 2002; FHWA 2003), several common priorities emerge. All of the research programs emphasize safety and security,
intelligent transportation systems, leveraged federal investment, fostering innova109
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tion, “… long-term, high-cost, high-risk research with a high payoff potential….”
(FHWA 2003), and building professional and institutional capacity. Other features
of the plans differ.
Leadership. FHWA asserts a leadership role in virtually all aspects of highway development while both FRA and FTA present more circumscribed roles. The FRA role
in particular is distinct as the organization and operating structure of U.S. railroads
is a hybrid of private and public sector cooperation, competition, and regulation
wherein the FRA plays different roles in different situations.
Quantifiable Performance Measures. Performance measures in strategic planning
inform processes on their effectiveness and hold program managers accountable
for results. They also convey how organizations value their output. Neither FHWA
nor FTA publishes specific performance measures. FHWA has milestones leading
to an internal research project selection process and internal and external program
assessments. FTA intends to develop performance measures in a future research
effort. The FRA plan provides qualitative outcome measures but no metrics.
Research Project Selection Criteria. Both FRA and FTA publish project selection
criteria and processes in their strategic research plans. FRA employs a five-step
process to screen and refine projects for funding on the basis of potential for
improving safety while accommodating higher railroad volumes. FTA makes reference to a “graded scorecard system” that ranks projects using eight criteria. FHWA
does not list criteria but does set in motion an effort to develop a project selection
process supportive of strategic goals such as infrastructure preservation, safety,
highway operations, and environmental protection.
Program Budgets. FRA divides its research budget approximately equally between
two project categories—research and development and the next generation
high speed rail technology demonstration program—for a three-year time frame.
Neither FTA nor FHWA provides this level of specificity. FTA outlines a four-year
budget based on SAFETEA-LU authorizations. FHWA does not propose a research
budget linked to a strategic research program. The relationship between research
budgets proposed by the modal administrations and Congressional earmarks is
an area of concern.
Linkages to Other Modal Administrations. All the administrations deal with surface
transportation so overlapping jurisdiction arises in many aspects of operations.
The FTA and FRA plans in particular address these overlaps in areas such as joint
use of rights-of-way, vehicle standards, and roadway crossings of railroad tracks.
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Stakeholder Involvement in Research Programs. The surface transportation modal
administrations all consult regularly with external stakeholders on research priorities but to different degrees and through different processes. FHWA relies heavily
on historical relationships with state departments of transportation, TRB, and
highway industry groups such as the Highway Users Federation, American Trucking Association, and the Asphalt Institute of America. FRA has a similar relationship with the Association of American Railroads. In addition, FRA consults with
an independent advisory panel convened through TRB consisting of representatives from the railroad industry, states, unions, universities, financial institutions,
and research organizations. FTA has a close working relationship with APTA, and
also seeks advice from TRAC, formed under the auspices of TRB and consisting
of representatives from transit operators, university researchers, and transit user
groups.
Flexibility. FHWA seems most flexible in terms of research priorities. In contrast,
FRA has a clear research agenda that allows for variations in approach so long as
projects comport with FRA’s research priorities. FTA seems committed to projects
which logically follow from the goals  objectives  strategies format of its strategic research plan.

Transit Research by Nonfederal Organizations
Non-U.S. government agencies also engage in transit research often pursuing different goals than FTA. Three case studies that illuminate alternative approaches
to transit research are APTA, the United Kingdom, and the state departments of
transportation.
American Public Transportation Association (APTA)
APTA is the trade organization for the transit industry in the United States. APTA
published a Research and Technology Strategic Plan in August 2001 to provide “…
a proactive approach with the objective to more effectively position the public
transportation industry when addressing the issues associated with the integration and implementation of technology and innovation” (APTA 2001). The APTA
plan is in actuality a political document proposing a research agenda for FTA and
other transit research organizations:
The objective is to provide APTA with a focused plan that enables it to advocate
for the public transportation industry regarding research and technology. The
resultant plan identifies and prioritizes APTA’s needs and interests in the area
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of research and technology in order to maximize benefits, prioritize resources,
seek partnerships, and influence research practitioners; and will allow APTA to
advocate for the industry’s research and technology needs with Congress, TRB,
Universities, Federal Government and other parties; and will provide the basis
for input to the ongoing re-authorization process.
APTA lists five research priorities which contrast sharply with those of FTA: workforce development, application of technology, transit’s role in the community,
safety and security, and market development and service configuration. Safety and
security is the only research goal specified by both APTA and FTA.
APTA further subdivides its research priorities into 38 specific topics that cover
the range of current transit issues including specialized transportation, security,
workforce training and diversity, marketing, sustainability, and intelligent transportation systems. These priorities evolved from a series of conferences focused on
the unique characteristics of the transit industry and its research needs. Findings
from these conferences identified four impediments to innovation in the transit
industry. First, since transit operates in a public environment, it tends to avoid
risk, making it slow to adopt new technologies and procedures. Second, transit is
a small industry with limited resources. Consequently, research and innovation is
often sacrificed in order to attend to the more immediate need to deliver services.
Third, transit has an aging workforce and ingrained labor relationships which
stymie innovation. Fourth, the public environment in which transit operates
impedes embracing the cultural, organizational, and structural changes necessary
for innovation to occur.
United Kingdom Department for Transport
The organizational equivalent of the U.S. DOT in the United Kingdom is the
Department for Transport (DfT). The DfT published a 10-year transportation plan
in 2000. This plan contained a vision of transportation in the U.K. as “… a modern, safe, high quality network that better meets people’s needs and offers more
choice to individuals, families, communities and businesses” (DfT 2000). The U.K.
emphasizes modern, high quality public transportation, both locally and nationally, including more light rail systems and attractive bus services that are fully
accessible and integrated with other types of transport; high quality park-and-ride
schemes; and fully integrated public transport information, booking and ticketing
systems, with a single ticket or card covering the whole journey. The Transport
2010 plan’s public transport emphasis is in response to the nation’s growing auto
dependence, which the U.K. sees as unsustainable over the long term.
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In support of the 10-year national transportation development plan, the DfT
prepared a 10-year strategic transit research plan titled Evidence and Research
Strategy (DfT 2002).
The strategy is organised around a number of key themes which reflect the
policy priorities of the Department: reducing road congestion; achieving sustainability; health safety and security; improving public transport; facilitating
social inclusion; promoting consumer choice and managing our transport assets
effectively.
The plan divides its research agenda into two categories titled “policy themes” and
“cross-cutting themes.” Each theme is developed in two ways leading to a set of
research priorities. First, the plan explains why research on the theme is important. Then the plan identifies the strategic knowledge gaps and how the agency
intends to address them. As with the U.S. DOT, the DfT seeks partnerships with
other transportation research organizations including other ministries, research
councils, local governments, and in particular the London region. They are listed
by name in an appendix to the plan.
The DfT surface transportation research program differs from the U.S. approach in
several ways, perhaps most importantly by treating all surface modes as elements
of a single system. Each U.S. modal administration conducts its own research program whereas in the U.K. surface transportation research is managed by a single
agency. This allows the U.K. to employ a programmatic budgeting system that
deemphasizes organizational boundaries in favor of stronger linkages between
governmental goals and funding decisions.
State Departments of Transportation
All state departments of transportation engage in transportation research, often
through transportation research centers affiliated with one or more of the state’s
research universities. Populous states have more than one center. These centers
work with the state departments of transportation in carrying out statewide
transportation research programs including transit research. Most state transit
research programs are structured around annual cycles of identifying organizational research needs and then inviting proposals to address them.
A variety of transit-related research occurs at the state level, reflecting the diversity of issues resulting from different levels of density and urbanization (Transportation Research Board 2006). The annual research problem identification
and proposal solicitation process makes state-level transit research programs
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highly tactical and short range. A sample of 16 of the largest state departments of
transportation revealed that all of them sponsored some type of transit research
but only the California Department of Transportation (CalTrans) had a strategic
research plan comparable to FTA’s national strategic research plan.
The CalTrans Division of Research and Innovation (DRI) is responsible for the
conduct of the department’s research program. DRI published a three-year
strategic research plan covering the period 2002 through 2005 (DRI 2000). The
plan specifically seeks to make transit a more practical travel option, focusing on
three research categories: bus rapid transit, small transit systems, and enhanced
transit services. A fourth research category, passenger rail improvements, overlaps
the transit programs. In structure and tone, the CalTrans surface transportation
research program is more similar to the U.K. approach than it is to that of the U.S.
DOT. However, California employs a line-item budget system that obscures linkages between programmatic goals and budget allocations.

Comparison
Figure 8 compares the fiscal efforts of the DfT, the U.S. DOT, and CalTrans on
transit research. A departmental comparison is required since neither the DfT
nor CalTrans is organized into modal subdivisions in the same manner as the U.S.
DOT. Creating this figure required reconciling the respective agency budgets; the
U.S. DOT budget is in a line-item format, the U.K. budget follows a programmatic
structure, and the CalTrans budget is a line-item budget organized by fund and
program elements of which research is not separately accounted. U.S. DOT transit
research includes the FTA National Research Program, the TCRP, the National
Transit Institute, and FTA’s contributions to the UTC program. The CalTrans
budget includes contributions to its UTC and the California Center for Innovative
Transportation programs. The dollar amounts in Figure 8 may differ from those in
previous figures to assure comparability with U.K. definitions of research.
Neither the United States, the U.K., nor California expends a high proportion of
their transportation budgets on transit research. Of the three organizations, CalTrans makes the greatest fiscal effort toward transit research. Compared to the
U.K., the U.S. DOT spends more money on transit research in absolute dollars and
spends a higher proportion of its total budget on transit research. However, transit
research consumes a higher proportion of DfT’s total research budget. In FY 2004,
transit research represented 8.8 percent of DfT’s research budget compared to U.S.
DOT’s 5.6 percent. No comparable statistic is available for California.
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Figure 8. Percentage of Department Budget Allocated to Transit Research
(FY 2004–2006)
		
		
Total Budget (billions)
FY 2004

FY 2005

FY 2006

		
Public Transportation
Research Budget (millions)
FY 2004 FY 2005

FY 2006

U.K. Dept. of Transporta,b,c,d	21.6	23.2	24.2	
4.2	
4.2	
4.2
U.S. DOTe,f,g
54.6
58.2	
60.6
49.5
50.1	
53.8
California DOT			
6.6			14.7
a. Actual expenditures for FY 2004, budgeted for FY 2005, and planned for all other fiscal years.
b. Combination of operating and capital budgets.
c. Exchange rate of ₤1 = $2.
d. Source: HM Treasury, United Kingdom Budget. 2005. Department Expenditure Limits.
www.hm-treasury.gov.uk/media/AA7/AD/bud05_chapc_252.pdf. Accessed July 13, 2005, p. 261,
Table C-13.
e. Office of Management and Budget. 2005. FY 2006 Budget for U.S. DOT.
www.whitehouse.gov/omb/budget/fy2006/pdf/appendix/dot.pdf. Accessed July 15, 2005, p.825.
f. Office of Management and Budget. 2005. FY 2005 Budget for U.S. DOT.
www.gpoaccess.gov/usbudget/fy05/pdf/appendix/DOT.pdf. Accessed July 15, 2005, p.805.
g. Office of Management and Budget. 2004. FY 2004 Budget for U.S. DOT.
a257.g.akamaitech.net/7/257/2422/03feb20030900/www.gpoaccess.gov/usbudget/fy04/pdf/
appendix/dot.pdf. Accessed July 15, 2005, p.747.
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h. Department of Finance, State of California. 2005. Final budget summary: 2005–2006.
www.osp.dgs.ca.gov/On-Line+Publications/finalbudsummary0506.htm. Accessed November 3,
2005, pp.146–168.
i. By email from George C. Smith, California Dept. of Transportation, September 26, 2005.

Conclusion
Every benchmark measure examined indicates transit research in the United States
lags research efforts in other modes. This is only partially offset by the emergence
and growth of state transit research programs and transit research conducted by
UTCs. While the recently enacted SAFETEA-LU partially reverses a long pattern of
either declining or stagnant transit research, the increased funding is extensively
earmarked to bus technology.
Seventy-five percent of FTA’s FY 2006 funding for the National Transit Research
Program is earmarked (Townes 2006). Of the earmarked funds applicable to FTA’s
Strategic Research Plan, 26 percent is directed to the development of electric drive
buses. These earmarked expenditures are in addition to the National Fuel Cell Bus
Technology Program, funded at $49 millions over the next four years. Deploying
a fleet of electric drive buses, while important to energy and environmental goals,
does little to increase understanding of the determinants of transit use. Without
such understanding it is difficult to see how FTA can advance its goal of increasing
transit ridership.
As the constitutional body responsible for budgeting, Congress has the legal
authority to allocate monies to whichever transit research priorities and organizations it deems appropriate. In doing so, however, Congress must recognize that
it risks frustrating administrative processes intended to advance national goals
for urban transportation development. Planners and policy-makers at all levels of
government are rightfully concerned about the sustainability of energy supplies
and environmental quality and a U.S. urban development pattern dependent on
auto use. Even assuming the environmental and energy problems associated with
urban auto use can be mitigated, it is neither practical nor affordable to build all
the highway capacity required to maintain current levels of mobility in our largest
cities. Transit ridership will have to increase and more importantly transit mode
split must increase. Making this happen requires more research on how to attract
choice riders than has historically been the case.
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Abstract
This article presents information on bus collisions from the National Transit Database (NTD) and discusses implications of the findings on the design of transit collision
warning systems. A total of 2,405 major transit bus collisions were reported in 2002
and 2003 that resulted in more than $15 million in property damage, 145 fatalities,
and more than 8,000 injuries. According to the NTD, front and angle transit collisions
yielded higher fatality and injury rates and property damage costs compared to
rear collisions. Most major bus collisions occurred in benign conditions such as clear
weather and on dry roads. Therefore, emphasis should be placed on developing a
warning system with the capability of continuously monitoring the bus surroundings
and providing timely alerts to transit operators about crash threats in front and on
either side of the bus.

Introduction
Since the 1998 Transportation Efficiency Act for the 21st Century (TEA-21), the
U.S. Department of Transportation (U.S. DOT) has allocated funds to develop
and test collision warning systems for alerting transit operators of impending
collisions. To implement effective transit collision warning systems, a thorough
understanding of transit accident types and causal factors is essential.
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The National Transit Database (NTD) holds crucial statistics that reveal important
trends about the transit industry. The Safety and Security Module within the NTD
contains data regarding incidents (e.g., bus collision, passenger injury, and vehicle
damage and theft) reported by transit agencies. Incident records from the Safety
and Security Module offer important information that can help the U.S. DOT
identify key transit safety problems that may be addressed with transit collision
warning systems.
In the first part of this article, an overview of the NTD and background information regarding the data analyzed is presented. Utilizing the information from the
NTD enables (1) a thorough understanding of the frequencies and types of transit
bus accidents and (2) identification of the causal factors for bus collisions.
The second section of this article discusses implications of the NTD findings in
relation to the development of transit collision warning systems. Several projects
funded by TEA-21 tested prototype systems with the capability to warn transit
operators about collision threats in the front, right and left sides, and rear of a bus.
If the U.S. DOT should commit resources to further develop transit collision warning systems and set strategy for product implementation, the following questions
need to be addressed:
• What is the most prevalent type of transit crash that can be lowered using
a collision warning system? Would it be beneficial to use a warning system
that has the capability to detect collision threats from all sides? Alternatively,
would it be more cost effective to install a collision warning system that is
dedicated to detecting certain crash types, such as a frontal collision warning system?
• Are transit collisions associated with particular environmental or situational
circumstances, such as weather or road conditions? If so, could collision
warning systems help reduce these types of crashes?

Overview of the National Transit Database
Background Information
NTD is the primary database maintained by U.S. DOT’s Federal Transit Administration (FTA) of vital statistics in the transit industry. The funding of many FTA
programs and projects is based on data gathered from the NTD. Transit agencies
that receive Urbanized Area Formula Program (Section 5307) grants are required
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to submit data to the NTD. Currently, more than 600 transit agencies and authorities submit data to the NTD (Federal Transit Administration 2002, 2003).
FTA reevaluated the structure of the NTD in 2000 and 2001 and redesigned it to
better serve NTD users and reporters, including many modifications of the Safety
and Security Module. The Safety and Security Module of the NTD has two forms for
reporting incidents such as bus accidents and crimes that occur on transit vehicles:
Major Incident Reporting form (S&S-40) and Non-Major Summary Report form
(S&S-50). Transit agencies and authorities began to report transit incidents to the
newly designed NTD in 2002.
The Major Incident Reporting form gathers detailed information on the most
severe safety and security incidents occurring in the transit environment, and
includes detailed data from sources such as transit agency and police reports. For
transit buses, an incident is considered “major” when one or more of the following
conditions occurred (Federal Transit Administration 2002, 2003):
1. a fatality other than suicides;
2. injuries requiring immediate medical attention away from the scene for two
or more persons;
3. property damage equal to or exceeding $25,000 (for both transit and nontransit vehicles and property);
4. an evacuation of a transit vehicle due to life safety reasons such as fire and
fuel leak;
5. a collision at a grade crossing resulting in an injury or property damage
equal to or exceeding $7,500.
The transit agency is responsible for completing a Major Incident Reporting form
for each major incident that occurs. To do so, transit agencies log onto the NTD
website (www.ntdprogram.com) and complete the form on-line.
The Non-Major Summary Report form (S&S-50) summarizes less severe safety and
security transit incidents that are not reported on the Major Incident Reporting
form. One Non-Major Summary Report form is completed per reporting period.
NTD results presented in this article are limited to the Major Incident Reporting
records because these records have detailed transit bus incident information,
allowing in-depth analyses of them.
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Breakdown of Major Incident Reporting Records
Transit incidents reported in the Major Incident Reporting form can be placed
into one of several categories: (a) collision, (b) security incident, (c) derailment,
(d) evacuation, (e) fire, (f) vehicle leaving roadway, and (g) fatality/injury not otherwise classified.
Table 1 presents the number of major bus incident records and total property
damage cost (i.e., the dollar amount required to repair or replace all vehicles or
public/private property damaged in a transit collision) in 2002 and 2003. The total
number of major bus incidents in 2003 decreased 5.8 percent from 2002, due to
a drop of three incidents in the Collision category and 80 incidents in the Other
category. However, the total damage property cost in 2003 exceeded the 2002 cost
by 2.4 percent.
Table 1 also lists the number of fatalities and injuries that resulted from major bus
incidents. In 2003, 99 fatalities were associated with bus incidents, an increase of
18.2 percent from the fatalities in 2002. In contrast, the total number of injuries in
2003 dropped 2.8 percent compared to the 2002 total.
Table 1. Breakdown of 2002 and 2003 Major Bus Incident Records
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If a reported transit incident is a collision, the agency is responsible for completing
a Collision Detail sub-form within the Major Incident Reporting form, including information on the collision type. Transit collisions can be grouped into the
following: front, back, angle, sideswipe, fixed object, and other (Federal Transit
Administration 2002, 2003). Figure 1 illustrates the locations of front, back, angle,
and sideswipe collisions when a transit vehicle collides with other vehicles. When
reporting information, choice of collision type is always from the point of view of
the transit vehicle.
Figure 1. Collision Type from the Perspective of the Transit Vehicle
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Key Results and Discussion
Types of Collisions from the Major Incident Reporting Records
Table 2 presents a breakdown of the major incident collision records by type from
the 2002 and 2003 NTD. Several notable changes from 2002 and 2003 are listed
below.
1. Of the major bus collisions recorded in the NTD, frontal collisions occurred
most frequently, followed by back, angle, and sideswipes. From 2002 to 2003,
the number of sideswipe collisions increased more than other collision types
with the associated property damage increasing more than 46 percent. In
contrast, the number of rear bus collisions and associated property damage
cost dropped slightly in 2003.
2. Major bus collisions that occurred in 2003 generated 11 more fatalities
compared to 2002, an overall increase of 14 percent. Of the five collision
categories, angle collision had the biggest increase in fatality, from 16 in
2002 to 20 in 2003.
3. Total injuries recorded in the 2003 NTD decreased by 7.5 percent compared
to the 2002 numbers; in particular, injuries caused by frontal bus collision
reduced significantly (24.2%) in 2003. However, injuries related to sideswipe,
angle, and fixed object collisions all increased slightly in 2003.
Figure 2 presents the average property damage costs of various bus collision types
in 2002 and 2003. Each cost value is normalized by counts of respective collision
type. Although frequencies of transit collisions with fixed objects are low, the
average property damage cost for collisions with fixed objects is more than double
that of the costs associated with the other four collision types. Average property
damage costs for front, sideswipe, and angle collisions are comparable, but for rear
collisions, the average cost is approximately $1,400 lower.
Figure 3 presents the average fatality and injury rates for the five bus collision categories. These average values are plotted on a logarithmic scale to better illustrate
the rate difference between the collision types. Several interesting observations
are noted.
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Table 2. Breakdown of Collision Types—
2002 and 2003 Major Incident Records

Figure 2. Average Normalized Property Damage Costs
from 2002 and 2003 NTD
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1. Front and angle collisions both yielded high fatality and injury rates. Figure
2 also revealed that the normalized property damage costs for front and
angle collisions are noticeably higher than rear collision. Consequently, one
can contend that reducing front and angle bus collisions should be a high
priority.
2. Bus sideswipes yielded the lowest fatality and injury rates, possibly because
such collisions cause less impact on buses at the point of contact compared
to other collision types.
3. The fatality rate for collisions under the fixed object/other category is highest among the five collision types. Fatality counts for this category include
pedestrians and other bystanders who were struck and killed by transit
buses.

Figure 3. Average Fatality and Injury Rates from 2002 and 2003 NTD
Factors Related to Major Transit Bus Collisions
The NTD also includes information that allows researchers to examine the relationship between bus collisions and associated environmental and situational factors, such as weather, roadway configurations, and lighting conditions. Identifying
126

Trends in Transit Bus Accidents and Promising Collision Countermeasures

such factors enables one to understand the underlying causes for collisions and
potential countermeasures.
Table 3 presents a breakdown of bus collision records by the five collision categories and seven factors (time of day, type of intersection control, weather, lighting
condition, roadway condition, roadway configuration, and roadway type). Interpretations of the results presented in Table 3 are provided below.
1. Time of Day. Table 3 shows that the number of collisions during PM hours
is approximately twice that in the AM hours. This finding is expected since
more core hours of bus operation are in the PM time period (i.e., 1 PM to
7 PM), than in the AM period.
2. Type of Intersection Control. Since the majority of bus routes are located in
urban areas where many intersections are controlled by either traffic signals
or stop signs, it is expected that a high percentage of bus collisions would
occur at/near traffic signals and stop signs. Further, urban intersections with
pedestrians crossing streets and vehicles maneuvering in and out of lanes is
likely to increase the probability of being involved in collisions. Consistent
with the expectation, more than 80 percent of major bus collisions reported
in the NTD occurred at/near intersections controlled by a traffic signal or
stop sign.
3. Weather. The effect of bad weather (i.e., fog, cloudy, rain, and snow) seems
to have minimal impact on the major transit collision—more than three
quarters of major bus collisions occurred when weather was clear. This observation is consistent with the crash statistics, for all vehicle types, found in the
National Highway Traffic Safety Administration’s Fatality Analysis Reporting
System (FARS) and General Estimates System (GES) databases, which show
that more than 80 percent of crashes occurred in normal weather conditions
(National Highway Traffic Safety Administration 2001, 2002).
4. Lighting Condition. More than 90 percent of bus collisions occurred in welllit situations (i.e., daylight and dark with street lights). FARS and GES data
showed a similar trend where more than 80 percent of crashes (all vehicle
types) occurred when the lighting condition is either daylight or “dark, but
lighted” (National Highway Traffic Safety Administration 2001, 2002). One
possible explanation of this observation is that in the early morning and
late evening hours when outside visibility is limited, transit operators may
be more attentive to the driving environment. As a result, the probability
of being involved in collisions decreases.
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1. Total major incident records for bus collisions from the 2002 and 2003 NTD is 2,405. However, not
every record has complete information; consequently, total for one factor may be different compared to
another factor.
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5. Roadway Condition. Bus collisions occurred predominately when the road
surface is dry. There are two likely explanations for this finding: (1) when the
road is covered with snow or the surface is wet, transit operators may drive
more cautiously and as a result are less likely to be involved in collisions;
(2) the exposure of buses, by vehicle miles traveled, to dry roads is much
higher compared to wet, snow, or icy road surfaces.
6. Roadway Configuration. Buses drove on straight roads more often than any
other roadway configurations; consequently, it is not surprising to find that
most of the major transit collisions occurred on straight roads compared
to curve roads, uphill, or downhill. Furthermore, many transit operators
probably drive conservatively and are less likely to be involved in major
collisions when traveling in “unconventional” road configurations such as
going downhill.
7. Roadway Type. More bus collisions occurred at intersections and divided
highways than other roadway types combined. This finding is understandable because most bus operations occur in and around urban environments
that are dominated by these two roadway types. Additionally, driving on
urban roads with pedestrians crossing streets and vehicles maneuvering in
and out of lanes are likely to increase the probability of being involved in
collisions.
Based on the results presented in Table 3, it can be concluded that many major
transit bus collisions occurred in benign environmental conditions—clear
weather, daylight hours, dry road surface, and straight roadway. These findings
point to the fact that transit collision warning systems should be designed to
assist transit operators in normal, everyday driving conditions instead of focusing
on specific situations. For example, a collision warning system that focuses only
on adverse weather conditions would not be a cost-effective investment and will
only have limited use.

Implications of the Results
Countermeasures for Transit Collisions
The U.S. DOT has sponsored a number of projects in the past several years to
develop and test new technologies with the goal to further reduce transit collisions (Yang et al. 2003). These new technologies utilize radar, lidar (which is similar
to radar but works at near-infrared wavelengths), video, or ultrasonic sensor to
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detect potential driving hazards and issue warnings to bus operators. Three of
these countermeasure technologies are described below.
1. Obstacle Detection System (ODS). This system monitors the area in close
proximity to the vehicle and is designed to serve as an extension of the
driver’s mirrors by detecting objects that are not within the view of the bus
operator. Ultrasonic sensors used in ODS are installed at the front corners
and sides of the bus. These sensors transmit signals and detect objects based
on recognizable echoes reflected from surrounding objects. In a slow urban
driving environment between 0 to 15 mph, the ODS can detect objects
within a 4-foot perimeter of each sensor. During highway driving of more
than 45 mph, ODS has a detection zone of 8 feet. ODS issues both visual
and auditory warnings to bus operators upon detecting potential objects
in the vehicle’s path. The warning consists of a flashing display, followed
by an auditory tone (via a speaker mounted behind the operator’s seat) if
the threat of the object increases. In 2001, the Port Authority of Allegheny
County in Pittsburgh, Pennsylvania, conducted a field operational test by
installing 100 of its buses with a side obstacle detection system. During
the nine-month field test period, the Port Authority of Allegheny County
experienced a reduction in accidents and associated claims (Tate et al. 2003).
Additionally, the majority of transit operators who participated in the field
test stated that the technology was helpful in detecting objects in blind
spots.
2. Integrated Collision Warning System (ICWS). This countermeasure integrated
two separate collision warning systems, a Forward Collision Warning System
(FCWS) and a Side Collision Warning System (SCWS), into a single product
(University of California PATH and Carnegie Mellon University Robotics
Institute 2006). The FCWS consisted of two forward-looking radar sensors
installed on the right and left front corners of the bus and forward-looking
lidar sensors mounted at the center of the bus. These sensors work in tandem
to enhance the detection capabilities. The sensors measure the distance
and angle to the detected object and are capable of detecting obstacles
within the same lane from 3 to 100 meters. The SCWS was developed to
track objects surrounding the bus (i.e., within a 3-meter perimeter), but is
capable of detecting objects up to 50 meters away. SCWS has laser scanners for object detection and equipment for curb detection and prediction.
Based on results of the field operational test, the prototype ICWS showed
potential to improve the safety of transit operation by alerting bus opera131

Journal of Public Transportation, Vol. 10, No. 3, 2007

tors of driving hazards. The test also showed that the ICWS had an effect
on driving behavior; operators who participated in the field operational test
tended to drive more conservatively by increasing their car following gaps
and having fewer hard brakes.
3. Transit Integrated Vehicle Based Safety System (Transit IVBSS). The U.S. DOT
began another major initiative in 2005, referred to as the Integrated Vehicle
Based Safety System. The IVBSS project aims to test and develop collision
warning systems for transit buses, light vehicles, and heavy trucks (U.S.
Department of Transportation 2006). According to preliminary results and
the fact that many transit bus activities take place in urban settings, with
potential for numerous front and side movement conflicts, it is possible
that transit IVBSS can significantly reduce maneuver conflicts and subsequent collisions. NTD results reported in this article show that front and
angle transit collisions produced higher property damage, fatality rates, and
injury rates compared to rear collisions. Consequently, emphasis should be
placed on developing and implementing a collision warning system with
the capability to alert transit operators about crash threats in front and on
the sides of the bus. Appropriately, the project goal of transit IVBSS is to
develop such a system.
A Collision Warning System for Everyday Use
Table 3 shows that many transit collisions occurred in benign environmental
conditions. Therefore, it can be concluded that an effective transit collision warning system needs to be able to continuously monitor the bus surroundings and
provide timely alerts of potential crash threats to transit operators in normal
conditions. It is possible that drivers are less vigilant when driving in benign conditions, such as in clear weather or on straight roadways. As a result, a driver may
not be prepared to react to a sudden changing traffic event, as in the case of a lead
vehicle slowing or stopping unexpectedly. The data do not support developing
a system geared for poor conditions (e.g., adverse weather). During unfavorable
driving conditions, the data suggest that transit operators are focused and drive
cautiously to minimize the chances of getting involved in accidents.
Impacts Beyond the Numbers
An effective countermeasure has great potential to reduce bus collisions. As a
result, injuries, fatalities, and the overall operating cost of transit agencies will
decrease. Cost savings from lower bus accident rates can then be invested in other
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aspects of transit operations and maintenance. However, the impact of fewer bus
collisions is beyond the financial savings and fewer injuries and fatalities.
Lowering the number of bus accidents with use of transit collision warning systems could also generate the following benefits:
• Transit operators have more confidence and become less stressful driving
large buses in and around congested urban environments.
• Human resource/workforce at transit agencies will become available to
address other needs instead of dealing with accident-related issues.
• Positively impact the public’s perception of transit, thereby promoting
transit’s image and growth.

Closing Remarks
Using information extracted from the NTD, fatalities and injuries from 1991 to
2001, normalized by passenger miles, are presented in Figure 4 (Powers 2002; Yang
2004). Both injury and fatality rates have remained fairly steady during the 11-year
span even though many resources have been devoted to train and prepare transit
employees and educate the public about transit safety (Yang 2004). In an effort
to continue to reduce transit accidents and improve travel safety, collision warning systems that issue timely alerts to transit operators about imminent collision
threats are viewed as having good potential to further cut down injury and fatality
rates.
Utilizing the NTD, results presented in this article offer useful information about
transit accident trends in the United States and factors that are associated with
bus collisions. However, it is important to note the following limitations of the
NTD:
• The dataset does not capture all transit accidents. Minor accidents such as
“fender benders” that do not meet the minimal reporting criteria of NTD
are not included in the database.
• The cost data reported in the NTD are limited to property damages. Associated costs, such as medical expenses for treating injured employees and
passengers and administration expenses for filing paper work and replacing
transit operators, are not reflected in the NTD cost data.
• Quality and detail of the information being reported in the NTD may not
be consistent because staff and resources devoted to enter information in
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NTD vary from one transit agency to the next. Some NTD records have large
numbers of missing information.

Source: Powers 2002; Yang 2004.

Figure 4. Bus Fatalities and Injuries Normalized by Passenger Miles
Due to reasons listed above, a transit agency that is considering implementing
a collision warning system should perform a detailed accident data analysis to
supplement the findings presented in this study. Results from such analysis will
help the transit agency identify specific bus collision challenges that need to be
addressed and develop a strategic plan for implementation. In addition, more
precise benefit estimates can be calculated from a detailed accident analysis using
specific cost information.
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